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Childhood overweight and obesity 
Overweight and obesity can be considered as international problems, since the prevalence of 
overweight and obesity are increasing rapidly in most societies around the world.1 This epidemic 
started in the 70s in the USA, spread to the European countries, Australia, subsequently the Asian 
countries, and invaded more recently also the developing countries.2 Not only in adults this alarming 
trend is seen, also children and adolescents are frequently diagnosed with overweight and obesity. 
In 2005-2006 in the USA, about 31 % of the children aged 2 through 19 years had overweight, and-
16% were obese.3 The prevalence in the Netherlands is still lower, but shows a steep increase.4 In 
2004, the prevalence of overweight ranged in boys from 9.2% in 5-year-olds to 17.3% in 9-year-olds 
and in girls from 14.6% in 6-year-olds to 24.6% in 9-year-olds.5 The prevalence of obesity ranged in 
boys from 2.5% in 6-years-olds to 4.3% in 9-year-olds, and in girls from 2.3% in 5-year-olds to 6.5% 
in 8-year-olds.5 
Definition of overweight and obesity 
Overweight and obesity are defined by body mass index (BMI), which reflects weight relative to 
height squared (kg/m2). In children, BMI values are gender- and age-specific. Consequently, the 
International Obesity TaskForce determined gender- and age-specific cut-off values for body mass 
index based on data from six countries.6 These cut-off values are presented in Table 1. 
The disadvantage of the BMI, as a parameter for overweight and obesity, is that body weight is 
measured as a proxy for the amount of fat. Gender, ethnicity, and physical training, may influence 
BMI and fat mass independently, leading to overdiagnosis or underdiagnosis of overweight and 
obesity.7 Another limitation of BMI is that it does not specify body composition and body fat 
distribution. A human body can be divided in fat tissue and lean tissue. Total body fat is associated 
with the risk of chronic diseases such as coronary heart diseases, hypertension and type 2 diabetes.8 
Fat mass can further be divided in subcutaneous fat and visceral fat. Abdominal fat, especially 
visceral adiposity, is strongly associated with metabolic disorders and cardiovascular diseases.9-11 
Although in children many methods to assess total body fat and fat distribution are described, 
it remains unclear which method is valid, and user friendly to measure total body fat and fat 
distribution in a large group of children. Therefore, there is a need for accurate methods to estimate 
total body fat and body fat distribution. 
Etiology of overweight and obesity 
The mechanisms of the developmentofoverweight and obesity are not fully understood. Overweight 
and obesity occur when energy intake exceeds energy expenditure.12 There are multiple etiologies 
for this imbalance, so the rising prevalence of overweight and obesity cannot be addressed by a 
single etiology. To get a better insight into the etiology, the question should be answered why 
some people can eat almost everything and stay slim, while others with the same eating habits and 
physical activity pattern become obese. 
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Table 1: international cut-off points for body mass index for overweight and obesity by sex between 2 and 18 
years, defined to pass through body mass index of 25 and 30 kg/m2 at the age of 18, obtained by averaging data 
from Brazil, Great Britain, Hong Kong, Netherlands, Singapore, and United States.6 
I' 
Overweight Obesity 
Body Mass Index 25 kg/m2 Body Mass Index 30 kg/m2 
Age (years) Males Females Males Females 
2.0 18.41 18.02 20.09 19.81 
2.5 18.13 17.76 19.80 19.55 
3.0 17.89 17.56 19.57 19.36 
3.5 17.69 17.40 19.39 19.23 
4.0 17.55 17.28 19.29 19.15 
4.5 17.47 17.19 19.26 19.12 
5.0 17.42 17.15 19.30 19.17 
5.5 17.45 17.20 19.47 19.34 
6.0 17.55 17.34 19.78 19.65 
6.5 17.71 17.53 20.23 20.08 
7.0 17.92 17.75 20.63 20.51 
7.5 18.16 18.03 21.09 21.01 
8.0 18.44 18.35 21.60 21.57 
8.5 18.76 18.69 22.17 22.18 
9.0 19.10 19.07 22.77 22.81 
9.5 19.46 19.45 23.39 23.46 
10.0 19.84 19.86 24.00 24.11 
10.5 20.20 20.29 24.57 24.77 
11.0 20.55 20.74 25.10 25.42 
11.5 20.89 21.20 25.58 26.05 
12.0 21.22 21.68 26.02 26.67 
12.5 21.56 22.14 26.43 27.24 
13.0 21.91 22.58 26.84 27.76 
13.5 22.27 22.98 27.25 28.20 
14.0 22.62 23.34 27.63 28.57 
14.5 22.96 23.66 27.98 28.87 
15.0 23.29 23.94 28.30 29.11 
15.5 23.60 24.17 28.60 29.29 
16.0 23.90 24.37 28.88 29.43 
16.5 24.19 24.54 29.14 29.56 
17.0 24.46 24.70 29.41 29.69 
17.5 24.73 24.85 29.70 29.84 
18.0 25.00 25.00 30.00 30.00 
Since the prevalence of overweight and obesity has increased within a genetic stable population -
relevant genetic changes within a species takes dozens to hundreds of generations- the importance 
of an obesity promoting environment is evident. Transcription of our genes however, is not a fixed 
process, but is influenced by numeral factors. Evidence exists that (environmental) factors in early 
life not only influence .transcription of genes at that moment but also later in life.13-15 Factors in 
early life - intrauterine and first years of life - may in this way modify someone's genetic profile. This 
process of genetic adaptation to environmental factors in early life with effects lasting throughout 
11 
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■ Chapter 1 adulthood is called 'programming� 13 Programming is an epigenetic phenomenon by which nutrition, hormonal, physical, psychological and other stressful events acting during pregnancy and early life, 
modify hormonal and metabolic changes.14•16 Programming is able to increase the risk of developing 
obesity and obesity-related diseases.13-15 Particularly the hypothalamic structures, responsible of 
the establishment of the ingestive behaviour and regulation of energy expenditure, are involved 
in the process of programming.16 The underlying mechanisms responsible for programming remain 
poorly understood. However, researches indicate that the adipokine leptin plays a critical role 
in the process of programming.16•17 More research should gain better insight into the process of 
programming; for example, which factors initiate this process. 
Consequences of overweight and obesity 
Approximately 83% of overweight youth remains overweight as adults.18 
Overweight and obesity are strongly associated with adverse health outcome, including type 2 
diabetes, dyslipidemia, hypertension, coronary heart diseases, nonalcoholic fatty liver disease, 
renal diseases, cancer, musculoskeletal complications, asthma and other respiratory problems, and 
decreased fertility.2•19•20 Next to the association with adverse health outcome, childhood obesity has 
negative influence on psychological health. Obese children have a decreased self-esteem, social 
marginalisation and decreased quality of life.19 
Preventing overweight and obesity 
The treatment of overweight and obese children is difficult and costly. As the importance of 
programming has became obvious, primary prevention has a great advantage above treatment of 
overweight and obesity.21 Factors in early life modify someone's genetic profile, so early intervention 
is desirable. Such intervention will be more efficient if applied to those children with an increased 
risk for developing overweight. Initially, early risk factors for developing overweight and obesity 
should be unravelled to detect the children at risk for developing obesity. These children can get an 
appropriate intervention program. 
Groningen Expert Center for Kids with Obesity (GECKO) 
GECKO is an initiative of the University Medical Center Groningen to study the above problems. 
The overall aim of GECKO is studying the etiology of overweight and the metabolic syndrome 
during early childhood. One of the studies within GECKO is the GECKO Drenthe study, which is a 
population-based birth-cohort study of children born in a one-year period in Drenthe, one of the 
northern provinces of the Netherlands. 
Aim of this thesis 
The aim of this thesis was to unravel early risk factors for the development of overweight/obesity 
and factors associated with metabolic programming. A secondary aim was to gain insight in reliable 
and user friendly methods to detect children with a high amount of total body fat. 
12 
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Outline of the thesis 
This thesis is mainly based on the GECKO Drenthe study. In chapter 2 the design of the GECKO 
Drenthe study and the first results are reported. The three different sub-studies within GECKO 
Drenthe and the questions which these sub-studies aim to answer are also described. 
As described above, there is a need for accurate methods to estimate total body fat in young 
children, since total body fat is associated with the risk of diseases such as coronary heart diseases, 
hypertension and type 2 diabetes.8 Moreover, early detection of children with excess fat amount 
might be the way to prevent the development of overweight and obesity in these children. In 
chapter 3 different methods, which assessed total body fat in six- and seven- year old non-obese 
children, are compared. The data of chapter 3 are based on a comparison study, which gained 
insight in valid and user friendly methods, which can be used for measuring total body fat in young 
children. 
The bioelectrical impedance analysis (BIA) is one of the user friendly, non invasive, low cost and 
portable method, which is often used to calculate total body fat in children and adults. Chapter 4 
investigates if impedance vector migration, which has been shown in cross-sectional data, is also 
present in our longitudinal data. This study was performed within one of the sub-studies of the 
GECKO Drenthe and was based on a group of healthy infants. 
To intervene in the development of overweight and obesity, early intervention strategies are desired 
to change the process of programming. As the weight of the placenta as well as birth weight are 
related to the incidence of overweight, obesity and its complications22-25, interventions directed to 
optimalize both placental and birth weight will be important. Therefore, it is of great importance to 
find predictors for placental weight and birth weight. Chapter S explores parental factors which are 
associated with placental weight and birth weight. 
Weight gain during infancy is associated with childhood obesity.26 For early detection of children at 
risk for the development of obesity, it is of great importance to gain more insight in growth patterns 
and the factors which influence weight gain during the first year of life. In Chapter 6 growth 
patterns during the first year of life are explored. Moreover, the changes in the last decennium in 
terms of weight, length, and waist circumference during the first year of life are examined. In this 
chapter, the question if the increased incidence of overweight already starts in the first year of life 
is answered. Chapter 7 focuses on growth during the first year of life. Additionally, this chapter 
investigates which environmental and parental factors influence weight gain during the first year 
of life. 
Temperament is another variable of interest, since temperament is influenceable and is thought 





The results of chapter 8 are based on the Cambridge Baby Growth study, a prospective birth-cohort 
study in the United Kingdom. In this chapter, the influence of temperament on infant weight gain 
is examined. 
Chapter 9 discusses the way how childhood obesity should be monitored and how we can control 
this problem. Additionally, recommendations are made for future research. 
Finally, in chapter 10 the main results of this thesis are summarized. 
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How did the study come about? 
Obesity and overweight can be considered as international problems, since worldwide prevalence 
is rapidly increasing.1 Not only is this increasing trend observed in adults, but also children and 
adolescents are increasingly diagnosed with overweight and obesity.2 The GECKO Drenthe study is 
a study within the Groningen Expert Center for Kids with Obesity (GECKO) and has been designed 
to examine in detail environmental and genetic risk factors for childhood obesity. 
What does it cover? 
The overall aim of GECKO is studying the etiology of overweight and the metabolic syndrome during 
early childhood. The present study, the GECKO Drenthe, is a population-based birth-cohort study of 
children born in a 1-year period in Drenthe, one of the northern provinces of the Netherlands. All 
children will be followed from pregnancy until adulthood. Genetic, biomedical, social, environmental 
and dietary data for the children and their parents will be collected. 
The overall research question concerns the development of body weight and body fat distribution, 
and how these are determined by mother and child factors. Within this study, important aspects are 
DNA analysis and metabolic programming. 
With close to 3000 children, the study has a power of 95% to detect risk factors for the development 
of overweight with a relative risk of at least 1.4 (assuming an incidence of 5%, and mean value of the 
risk factor 20, SD 4). 
Moreover, in three regions, each including approximately 100 children, additional measurements 
will be performed. In the first region, umbilical cord tissue has already been collected; in the 
second region, an overweight prevention programme to improve infant motor skills and physical 
movement will be examined; and in the third region, measurements of body composition and fat 
distribution will be assessed. 
The first sub-study aims to answer the following questions: are there specific gene expressions 
related to childhood obesity and growth at young age? Do adaptive changes in gene expression 
play a role? 
One midwife practice was asked to collect umbilical cord tissue, which successfully occurred 93 
times. This umbilical cord tissue was collected for genomics and proteomics. Evidence suggests that 
environmental factors in early life not only influence the transcription of genes at that moment, but 
also later on in life.3-6There are a huge number of genes within the human genome code for proteins 
that mediate and/or control nutritional processes.7 Although a large body of information on the 
number of genes, on chromosomal localization, gene structure and function has been gathered, 
we are far from understanding the orchestrated way of how they control metabolism. Due to the 
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limited number of umbilical cord tissue samples collected, this sub-study will be a pilot study. The 
results of this pilot study will be used for future large-scale studies to explore specific research 
questions on genomics and proteomics. 
The second sub-study aims to answer the question: What is the effectiveness of an overweight 
prevention programme during the first year of life in terms of bringing about changes in 
anthropometric measures and physical-activity scores? 
Because the effectiveness of overweight prevention programmes in children and adolescents 
is questionable and the need for well-designed studies is desirable,8•9 a sample of the children 
participating in the GECKO Drenthe study will receive an overweight prevention programme early 
in life. This programme will start in the second week after birth. Few intervention studies that begin 
at birth have been published.1 0•1 1  We believe that an early start for an intervention programme is 
crucial when it comes to trying to prevent the development of obesity through a positive change in 
metabolic programming. 
Because of this intervention programme, neighborhoods or villages have been randomized into 
two groups. All parents of babies born in the intervention group will receive recommendations from 
a nurse in the Well Baby Clinic, who has been trained by a child physiotherapist. Recommendations 
will focus on stimulating motor development and increasing physical activity. In an overview of 
intervention studies in young children a difference of 1 .2 units body mass index (BMI) after 1 year 
has been found.1 2 To detect this difference two groups of 91 children will be needed (SD 2.5 , two­
sided alpha 0.05, 1 -beta 0.9). To account for a 1 0% dropout, 200 children will be included. The data 
on the group of children within the intervention group will be separated from the data for the total 
cohort, because this intervention programme is likely to interfere with the body composition of the 
children. As main study parameters the following measurements will be evaluated: anthropometry, 
motor skills [Albert Infant Motor Scale (AIMS) 1 3  and Bayley Scales of Infant Development Second 
Edition motor part (BSID-11-NL motor part)] 14 , as well as physical movements measured by an 
accelerometer especially made for babies. 
The third sub-study will answer the question: what is the fat distribution and body composition 
during the first year of life? 
Fat distribution seems to be more important than BMI in terms of the health risk associated with 
obesity in adults. 15-18To investigate if this is also true in young children, fat distribution by ultrasound 
and total body fat through wrist-to-ankle Bio-electrical Impedance Analysis (BIA) will be measured at 
the age of 2 months and then at 7 months. All measurements will be obtained using a strict protocol. 
In this sub-group of 1 1 8 children we can register the fat distribution and body composition, as well 
as the changes in these parameters during the first year of life. Knowledge about fat distribution and 




body composition in infants is limited. These exploratory data will contribute to this knowledge and 
can serve as the basis for future research in this field. 
Who is in the sample? 
All children born from April 2006 to April 2007 and living in Drenthe at the time of birth were 
allowed to participate in this study. Drenthe is one of the northern provinces of the Netherlands. All 
pregnant women in this province were invited to participate in the third trimester of their pregnancy. 
Recruitment took place through obstetricians, midwives and general practitioners, supported by a 
media campaign. lf for any reason a child was not included in the GECKO Drenthe study before birth, 
a nurse from the Well Baby Clinic invited the parents of the newborn to participate. This study was 
approved by the Medical Ethics Committee of the University Medical Center Groningen (UMCG). 
The Dutch obstetric system is traditionally characterized by extensive primary health services, 
supported by more specialized care.19 Midwives and general practitioners are responsible for normal 
deliveries, with obstetricians responsible for those deliveries considered high risk. Prenatal care is 
given almost 80% of the time by a midwife and 6% by a general practitioner. When a complication 
during pregnancy or delivery occurs, the woman is referred to an obstetrician. Finally, 40% of 
pregnant women deliver under the care of a midwife or a general practitioner. Approximately 30% 
of all children born in the Netherlands are born at home, most often supervised by a midwife.20 
How often will the subjects be followed-up? 
Data collection began during the last trimester of pregnancy by administering parental 
questionnaires concerning medical history, social structures, lifestyle, diet and smoking habits. At birth 
the obstetricians, midwives or general practitioners took an umbilical cord blood sample that was 
then processed and stored for future analysis. In addition, the placenta weight was measured, and 
data on pregnancy and delivery were obtained. All neonatal and childhood data will be obtained 
during regular visits to the Well Baby Clinics. Within the Dutch health care system, the Well Baby 
Clinics play a central role during the fi rst 4 years of life. More than 95% of all parents will visit these 
clinics that also provide free immunizations for the baby. During these regular visits to the clinics, 
questionnaires and anthropometry will be obtained. After the age of 4 years, data will be gathered 
every other year in collaboration with the school health services. 
What has been measured? 
During all visits anthropometry of the infants is performed by a strict protocol, including weight, 
height, head circumference, waist circumference and hip circumference. Questionnaires will be 
filled out during the visit to the clinic, and in the first 2 years will predominantly be focusing on diet. 
An overview of the measurements to be taken during the first 2 years of life is given in Table 1. 
Between the ages of two and four, children will be seen an average of once a year at the Well 
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Table 1: Schematic overview of the measurements of the GECKO Drenthe in the first 2 years of life 
Last trimester of 
pregnancy and 
birth 










• Reproductive/ medical history 
• Social structures and lifestyle 
• Diet/ smoking mother & father before and during pregnancy 
Collecting data through obstetricians, midwives and general practitioners: 
Umbil ical cord blood + placenta weight + clinical data concerning the pregnancy 
and delivery 
Questionnaire concerning: 
• Newborn feeding details 
Newborn anthropometry at the Well Baby Clinic 
Questionnaires concerning: 
• Current diet of the baby 
Baby anthropometry 
Questionnaire concerning: 
• Current diet of the infant 
• Physical activity and development 
Infant anthropometry 
Blood baby (capillary puncture) 
Questionnaire concerning: 
• Current diet of the infant 
• Physical activity and development 
• (Changes in) social structures 
Infant anthropometry 
Questionnaire concerning: 
• Current diet of the infant 
Infant anthropometry 
Questionnaire concerning: 
• Current diet of the child 




• Current diet of the child 
• Parenting 
Anthropometry 
Baby Clinic and thereafter at the school health service. The pattern of measurements will be 
continued: short questionnaires combined with protocol anthropometric measurements. After 4 
years, questionnaires covering both diet and physical activity will be sent to parents and later to 
the children themselves. Anthropometry will be assessed every other year, in addition to blood 
sampling in a sample number of participants. 
All hospitals (N=5), midwife practices (N=l 8), general practitioners (N=28) and Well Baby Clinics 
(N=6 1 )  in the region have agreed to participate in the study. During the recruitment period there 
was a total of 4778 infants born and of these the parents of 2997 (63%) gave their consent to 
participate in the study. The number of parents who participated with twins was 25. During the 
inclusion period no triplets were born in the study region. Of the 2997 participants, a cord blood 





What has already been found? 
The number of babies born in the Drenthe province from April 2006 to April 2007 was 4778. The 
main reasons for not participating in this study were anxiety that participation would take too much 
time or parents not being interested in any kind of research. Of the 2997 children included, 52% 
were of male gender, 5% were born prematurely, the mean gestational age was 39.8 (SD 1 .7) weeks 
and the mean birth weight was 3564 (SD 546) grams. These gender rates were similar to Dutch 
data figures generally. The rate of preterm births (between 24 and 37 weeks) was lower than the 
recent national survey (5% vs. 6.2%).21 This small discrepancy was probably caused by the fact that 
the parents of preterm infants did not feel like participating in a study because of the anxiety that 
accompanied the birth of their baby. 
The figures were similar for boys and girls, although boys were slightly (not significantly) heavier at 
birth: 3623 (SD 553) vs. 3505 (SD 533) grams. No significant gender differences were found between 
the neonates condition after delivery. One minute after birth, the Apgar score of 23.6% of the 
children was below 9 and 3.0% below 7. After 5 minutes, this score decreased to 4.5% below 9 and 
0.6% below 7. 
Some clinical characteristics of the parents and the pregnancy are given in Table 2. 
Table 2: Clin ical data of the parents 
BMI mother (kg/m2) 
(Mean ± SD) 
BMI father (kg/m2) 
(Mean ± SD) 
Birth weight mother (grams) 
(Mean ± SD) 
Birth weight father (grams) 
(Mean ± SD) 
Total number of pregnancies 
(Mean and range) 
Number of births of viable chi ldren 
(Mean and range) 
N umber of lost pregnancies 
(Mean and range) 
Number of extra-uterine gravidities 
(Mean and range) 
Smoking du ring pregnancy (%) 
Alcohol consumption during pregnancy (%) 
Drug use during pregnancy (%) 
22 
24.7 ± 4.7 
25.5 ± 3.4 
3337.5 ± 625.4 
351 0.0 ± 593.5 
2.2 [0,10] 
1 .0 [0,7] 
0.4 [0,11] 




Cohort Profile: The GECKO Drenthe study 
What are the main strengths and weaknesses? 
The strength of this study lies in the unselected study population. Moreover, the province Drenthe 
has a relative stable population for many generations. All obstetricians, midwives, general 
practitioners and Well Baby Clinics in Drenthe are participating in this study. The implementation of 
the GECKO Drenthe in the regular healthcare programme makes it appealing to participate. In view 
of these two advantageous factors, a low dropout rate is expected. Preliminary data show that in 
the first year of data collection, which is an intense period for participants, the dropout was 4.5%. In 
addition, this study is a prospective study, which overcomes any problems due to information bias. 
The emphasis on 'metabolic programming' in the GECKO Drenthe is a strength compared with other 
prospective birth cohort studies. Programming is an epigenetic phenomenon by which nutrition, 
hormonal, physical, psychological, as well as other stressful events acting in a critical period of life 
such as gestation and lactation, modify certain physiological functions in a prolonged way.4 Recently, 
the importance of programming has become obvious,3•5•22 and the need for cohort studies starting 
in pregnancy has been clearly shown. We satisfied this need by designing this prospective birth 
cohort study with the emphasis placed on metabolic programming. Compared with other studies, 
more detailed obstetric, environmental and anthropometric data will be collected to improve our 
knowledge of metabolic programming. 
Moreover, this study has been specifically designed to answer research questions focused on 
childhood obesity. Compared with other cohort studies, more detailed measures will be collected 
such as body composition and fat distribution of the infants, umbilical cord tissue, data with regard 
to the obstetric data, as well as physical activity measurements. 
One potential limitation of our study is selection bias. As expected, ethnic minorities 
were less willing to cooperate. More specifically, people from ethnic minorities are represented in 
9.1 % of the population of Drenthe, while only in 6.0% of our study population. However, regarding 
overweight and education levels in parents no selection bias existed. Therefore, we feel that the 
overall selection bias is negligible. We have access to data from the register where all newborns 
are registered, so it will be possible to correct for potential selection bias in specific analyses. Since 
we are looking for risk factors in the development of obesity, the follow-up for this cohort is more 
important than its representativeness. Another potential limitation is that data will be collected by 
different people. Various Well Baby Clinics are cooperating that can result in inter-observer problems. 
To reduce this inter-observer variation, protocols have been set up to describe anthropometric 
measurements in detail, and training sessions have been given to all staff. 
In conclusion, GECKO Drenthe is a large birth-cohort study focusing on the development of 
overweight. This will provide answers to questions concerning metabolic programming early in life, 
which greatly determines the current worldwide epidemic of obesity. Answering these questions 





Can I get hold of the data? Where can I find out more? 
All data will be stored confidentially and anonymously. 
Personal data will be handled according to the Dutch Personal Data Protection Act. 
The data are not freely available in the public domain, but specific proposals for collaboration are 
welcomed. For more information or remarks regarding the study please contact one of the principle 
investigators (email: p.j.j.sauer@bkk.umcg.nl). 
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Background & Aim: Different non-invasive methods exist to evaluate total body fat in children. 
Most methods have shown to be able to confirm a high fat percentage in children with overweight 
and obesity. No data are available on the estimation of total body fat in non-obese children. The 
aim of this study is to compare total body fat, assessed by different methods in non-obese children. 
Methods: We compared total body fat, assessed by isotope dilution, dual energy X-ray, skinfold 
thickness, bioelectrical impedance analysis, combination of these methods as well as BMI in 30 six 
to seven-year-old children. 
Results: The children had a mean BMI of 16.01 kg/m2 (range 1 3.51 - 20.32) and five children were 
overweight according to international criteria. Different methods showed rather different absolute 
values for total body fat. Bland-Altman analysis showed that the difference between the DEXA 
method and isotope dilution was dependent on the fat percentage. Children with the same BMI 
show a marked variation in total body fat ranging from 8% to 21% as estimated from the isotope 
dilution method. 
Conclusion: Non-invasive methods are presently not suited to assess the absolute amount of total 
body fat in 6-7-year-old children. 
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INTRODUCTION 
Worldwide, the incidence of obesity and overweight is rapidly increasing, also in young children and 
adolescents.1 In the Netherlands, overweight at present is seen in approximately 1 2% of 4-6-year­
old children, and obesity in 4%.2 This is a marked increase compared to 1 980, when in respectively 
6% and 1 % of 4-6-year-old children overweight and obesity was found.2 This increase in overweight 
causes great concern as overweight at a young age has a high risk to persist into adulthood.3 
Overweight in itself might not be a risk factor for diseases in later life. The real risk factor is an 
excess of fat. Excess fat is strongly associated with adverse health outcome, including diabetes, 
dyslipidemia, coronary heart disease, renal disease, cancer, musculosketal consequences, asthma 
and other respiratory problems, and finally decreased fertility.4 This clustering of metabolic and 
cardiovascular abnormalities originally seen in late adulthood, is increasingly seen in children and 
adolescents. 
In the Netherlands the national guideline to screen young children for overweight is based on the 
BMI. The BMI, however, is not a very reliable method to distinguish between a normal and high 
amount of body fat in children.5•6 A number of other methods, like isotope dilution, dual energy X-ray 
absorptiometry (DEXA), bioelectrical impedance analysis (BIA) , skinfolds as well as a combination of 
these, have been used to estimate the fat percentage in children. All these methods show different 
results for the amount of total body fat.7 Only a few studies compared the results of all these different 
methods within the same child. Moreover, in these studies children from a rather wide age range 
were included, while it is known that for instance puberty is influencing fat mass. 
In very overweight children there will be no doubt about the presence of excess fat.8 The real 
problem is to distinguish those children with an increased total body fat within the group with a 
normal weight or slight overweight. Studies have shown that it is not possible to distinguish these 
children on clinical examination.6 Moreover, the presence or absence of excess fat cannot reliably 
be estimated from the BMI. Therefore other, non-invasive methods must be used to estimate total 
body fat in these children. Limited data are available regarding the comparison between different 
methods in healthy 6-7-year-old children. Therefore, we conducted a study in healthy 6-7-year-old 
children comparing the results of the estimate of total body fat as assessed by isotope dilution, 
DEXA, BIA , skinfolds and combinations of these methods. 
M ETHODS 
Subjects 
The study was conducted in 31  subjects (1 4 boys and 1 7  girls between six and seven years of age), 
who were free of acute or chronic diseases. These children were recruited through advertisements 
in a local newspaper and on the hospital information site, and by word of mouth. The data were 




In one boy the isotope dilution could not be measured, and therefore 30 children were included 
in the final analyses. We certify that all applicable institutional and governmental regulations 
concerning the ethical use of human volunteers were followed during the research. Written 
informed consent was obtained from the parents and verbal assent was provided by the children. 
This study was approved by the Ethics Committee of the University Medical Center Groningen and 
performed in accordance with the Declaration of Helsinki. 
Protocol 
Parents were instructed to serve their children a light lunch, consisting of a sandwich and a drink, 
before arriving at the University Medical Center Groningen at 1 4:00 hours. Upon arrival, children 
were requested to urinate after which they were weighed and all other measurements were done. 
Until all measurements had been obtained, the children were requested to refrain from drinking, 
eating, and urinating. 
Measurements 
The isotope dilution method assessed total body water (TBW). Subsequently total body fat was 
calculated from TBW. TBW was determined by an orally administered dose of 99.8% 2Hp. All children 
received 0.1 5 g 2Hp per kg body weight. Saliva samples were collected at baseline, as well as at 3 h 
after ingesting 2H (endpoint).9 2H level in the saliva samples was measured by gas-isotope ratio mass 
spectrometry.10•1 1  TBW was calculated from the saliva sample by the plateau method, assuming a 
plateau was reached by 3 h.9 Total body water was calculated using the following equation.10 
TBW = [W x A/1000 x a] x [volume of 2H administered I 2H saliva (endpoint-baseline)] 
1 .04 
in which W is the amount of water (g) used to dilute the dose; A is the dose (g) administered to the 
participant; a is the dose (g) used in the dilution. To calculate TBW it is necessary to correct for in 
vivo isotope exchange by dividing by 1 .04.12 For calculating body fat percentage (%BF) from TBW 
the following equations were used: 
LBM = TBW I 0.72 Fat Mass = Weight - LBM %BF = Fat Mass I Weight x 1 00 
(LBM = Lean Body Mass, %BF = percentage body fat) 
DEXA measurements were obtained using a fan beam scanner (Hologic Discovery A, S/N 8 1 1 6 1 
Hologic Inc., Bedford, MA, USA). The equipment is calibrated regularly using the Step Phantom 
supplied by the manufacturer. Children were measured in their underwear, in supine position. 
Overall body fat was derived using the Hologic software version 1 2.3. All scans and analyses were 
performed by a trained technician. 
Children were barefoot and dressed in light underwear for anthropometric measurements. All 
anthropometric measurements were carried out in duplicate by one trained observer. Weight was 
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measured using a calibrated digital scale (Seca 770, Hamburg, Germany) and recorded to the nearest 
0. 1 kg. Height was assessed using a digital stadiometer (digital pole measure PM-501 6, KDS, Kyoto, 
Japan) and recorded to the nearest 0. 1 cm. If the duplicate measurements differed by more than 0.5 
kg and 0.2 cm respectively, a third measurement was obtained. Afterwards the mean of height and 
weight were calculated by taking the mean of two measurements or the mean of the two nearest 
readings. BMI was calculated by dividing the mean weight by the mean height squared (kg/m2) .  
Skinfold thicknesses (ST) were measured in duplicate at the right side of the body using a 
Harpenden skinfold caliper (CMS instruments, London, UK). During the assessment, a standard 
pressure of 1 0  g/mm2 was applied and a reading was taken after two seconds. Triceps and biceps 
ST were measured at the point midway between the acromion and the olecranon. Subscapular ST 
was measured just below the scapula. Supra-iliac ST was measured just above the iliac crest and 
thigh ST was measured on the anterior side of the lower extremity, at the point midway between 
the inguinal region and the midpoint of the patella. If the measurements differed by more than 0.2 
cm, a third measurement was performed. The mean of the ST was calculated using the mean of two 
measurements or the mean of the nearest two readings. 
To calculate the percentage body fat from the ST, three equations were used, namely Slaughter, 
Deurenberg and Dezenberg. appendix 1,ref l-3 
For measurement of whole body reactance and resistance, a 50 kHz frequency BIA, using a BIA 1 01 
(Akern9, Florence, Italy) was performed. The accuracy of the equipment was checked with a 500 ohm 
resistor supplied by the manufacturer before the measurements were performed. Electrodes were 
placed on the dorsal surfaces of the right hand and the right foot. Source electrodes were placed 
at the distal end of the third metacarpal and sensor electrodes 5.5 cm proximally to the source 
electrodes. Participants were asked to remove all metal jewellery. After lying supine for 1 0  minutes, 
with arms and legs abducted from the body, three measurements were taken. The measurements 
were performed by one observer. 
The equation described in the article of Horlick et al. was used, which compared 1 3  published 
pediatric BIA based predictive equations for total body fat and fat free mass (FFM) and afterwards 
refitted the best performing model in their study population of 1 291 children.append1xi ,rer4 Although 
all measurements were done in the afternoon after a light lunch, results could be influenced by 
the meal taken and the time interval between the lunch and measurements. We are convinced, 
however, that these factors did not have a real influence on our measurements, as it was shown 
before that measurements taken between 2 and 4 h after a meal, represent an error of less than 
3%.13,14 
Goran et al. proposed an equation combining two ST measures with the resistance measurement of 
the BIA.append'x 1,rers This equation was also evaluated in our study. 




Since the methods investigated in this study are expressed in different units, a sample size calculation 
was performed based on a maximal accepted percentage difference using Lin's Concordance 
Correlation Coefficient.15 According to the table in their paper, 30 children are needed when a 
precision of the measurements of 96% and accepted difference of 12.5% (alpha 0.05, power 90%) 
is assumed. The same sample is needed when a difference of 10% and precision of 95% is assumed. 
A precision higher than 95% is described for both deuterium and DEXA. To compare the results 
of the different methods, the Bland-Altman method was used. Pearson correlations were used to 
assess associations between the different methods which give similar results as the concordance 
correlations but are easier to interpret. All statistical analyses were performed using SPSS version 
14.0 (SPSS, Chicago IL, USA). 
RESULTS 
In total 17 girls and 13 boys participated in the study. Three girls and two boys were overweight 
and none of the children were obese according to BMI criteria.3 Apart from one African-American 
girl all children were Caucasian. All measurements were performed in all 30 children. The baseline 
characteristics of the study population are given in table 1. 































[6.3 ; 7.5] 
[6.0 ; 7.9] 
[6.0 ; 7.9] 
[22.0 ; 33.4] 
[1 7.5 ; 3 1 .7] 
[1 7.5 ; 33.4] 
[1 1 8.4 ; 1 35.8] 
[1 1 3 .8 ; 1 36.9] 
[1 1 3.8 ; 1 36.9] 
[1 4.67 ; 1 9.47] 
[ 1 3.5 1 ; 20.32] 
[1 3.51 ; 20.32] 
The results for the total amount of body fat as calculated by the different methods are given in 
table 2. There is a rather wide difference between the estimates of total body fat obtained with the 
different methods. The highest amount of fat is found with the DEXA method, the lowest amount 
with the BIA method. 
In figure 1, the Bland-Altman plots for the comparison between the isotope dilution method with all 
other methods is shown. The DEXA method showed on average a 4% higher fat percentage. However, 
32 
Comparison of methods to assess body fat in non-obese six to seven-year-old children 
Table 2: Total amount of body fat estimated by the different methods 
Mean 
Total fat isotope dilution (%) 
Boys 15.9 
Girls 1 8.8 
Total 17.5 
Total fat DEXA (%) 
Boys 21 .0 
Girls 22.2 
Total 21.7 
Total fat ST Slaughter (%) 
Boys 17.3 
Girls 16.3 
Total 1 6.8 
Total fat ST Deurenberg (%) 
Boys 1 6.0 
Girls 17.0 
Total 1 6.5 
Total fat ST Dezenberg (%) 
Boys 19.5 
Girls 21 .9 
Total 20.9 




Total fat Goran (%) 
Boys 14.8 
Girls 1 6.7 
Total 15.9 
Range 
(8.3 ; 26.5] 
(11.8 ; 26.5] 
(8.3 ; 26.5] 
(15.0 ; 27.5] 
(1 6.5 ; 29.3] 
(15.0 ; 29.3] 
(10.6 ; 28.5] 
(12.1 ; 27.2] 
(10.6 ; 28.5] 
(1 1.1 ; 22.4] 
(13.3 ; 25.4] 
(11 .1 ; 25.4] 
(1 3.3; 32.6] 
(12.5; 31 .5] 
(12.5 ; 32.6] 
[- 7.0 ; 1 6.1 0] 
(- 4.2 ; 21 . 1 ]  
(-7.0; 21. 1 ]  
(10.3 ; 21 .8] 
(1 3.2 ; 25.3] 
(1 0.3 ; 25.3] 
BIA, bioelectrical impedance analysis; DEXA, dual energy X-ray absorptiometry; ST, skinfold thicknesses. 
this amount was higher at a low fat percentage and lower at a high fat percentage (figure 1 a). The 
BIA method (figure 1 b} showed on average a 1 0% lower fat percentage compared to the total body 
water results, not related to the total amount of fat. The comparisons with the calculations based on 
skinfold measurements are shown in figure 1 c, 1 d and 1 e. The Deurenberg method showed the least 
difference with the isotope dilution method. The Goran method, a combination of two skinfolds and 
BIA results did not show a different result compared to the skinfold methods alone (figure l f }. In 
table 3 the correlations between different estimates for total body fat with both the isotope dilution 
and DEXA methods are shown. All methods showed a significant correlation. This might indicate 
that all methods detect the difference between a low and high fat percentage. However, the Bland­
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Figures 1 a-f: The Bland-Altman representation of the difference of total body fat estimated by different methods 
(DEXA, BIA and skinfold equations) and deuterium. The solid line represents the mean and the broken line the 
±SD for the whole sample. Each dot represents an individual. DEXA, dual energy X-ray absorptiometry; BIA, 
bioelectrical impedance analysis 
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Table 3 Pearson correlation coefficients for al l  used methods 
Total fat isotope dilution (%) 
Tota l fat DEXA (%) 
Tota l fat Goran equation (%) 
Total fat ST Deurenberg (%) 
Tota l fat BIA (%) 
Tota l fat ST Dezenberg (%) 
Total fat ST Slaughter (%) 
BMI (kg/m2) 






0.83 1 ** 
0.736-
0.650** 









BIA, bioelectrical impedance ana lysis; DEXA, dual energy X-ray absorptiometry; ST, skinfold thicknesses. 
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estimated by the isotope dilution method 
The correlation between BMI and total fat as estimated from the isotope dilution is shown in figure 
2. The five children with overweight, based on BMI and according to international criteria3, all show 
a fat percentage above 20%. The variation in the children with a normal weight is high and does not 
show a correlation with BMI. These results suggest that a normal BMI does not exclude an excess 
fat mass. 
DISCUSSION 
Our investigations show that different non-invasive methods to estimate total body fat in healthy 
normal or slightly overweight 6-7-year-old children give rather different results. In order to use 
either of these methods to detect the children with excess fat, reference data for each separate 
method are needed. The BMI seems not suitable to identify normal weight children with a high 





In this study we did not aim to establish which method most reliably predicts total body fat. For that 
purpose the comparison with a gold standard is needed. The real gold standard, carcass analysis, 
clearly is impossible. The four-compartment model is seen as an alternative method that will 
reliably estimate total body fat.6•1 6  For this method body weight, body volume, total body water and 
bone mineral content need to be measured separately. This method is complex and expensive. In 
children, body weight, total body water and bone mineral content can be measured with established 
methods. As yet, there is no established method to measure body volume in children. Underwater 
weighing is the method used in adults. This method, however, is not ethically acceptable in children. 
A new method, air displacement (ADP), is not yet validated for use in children. This method certainly 
has great potential. However, at this stage not all confounders that influence this measurement are 
known. For instance, the effect of the surface area on the measurements is not well understood. 
The absolute amount of total body fat has recently been compared in older children as estimated 
from underwater weighing, ADP, DEXA and deuterium dilution. Studies in 6-7-years-old children 
are very limited. The first comparison between underwater weighing, DEXA and ADP was 
published in 1999.1 7 In that study no children below 9 years of age were included. Total body fat as 
estimated from ADP was not different from DEXA in children with an average age of 13 years. Field 
reviewed all studies done until 2003 with ADP and concluded that ADP was very comparable to 
DEXA in children of at least 8 years of age.1 8 A study done thereafter confirmed that DEXA showed 
comparable results of total body fat compared to ADP. However, that study showed that DEXA is 
more reliable than ADP.1 9  A recent study compared total body fat estimated from deuterium dilution 
and ADP. Despite the high correlation between ADP and deuterium dilution, a significant difference 
was found in percentage total body fat.20 Based on these arguments, we compared all methods 
with two methods used most frequently so far, the DEXA and the isotope dilution method. These 
methods are regarded to give consistent results in healthy children within one age group, as it can 
be assumed that the FFM hydration is not different between these healthy children of the same age 
and individual variability is rather low.6 
In our study group we included a sample of the normal population of 6-7-year-old children in the 
Netherlands. We did not focus on overweight children, as done in other studies. Establishing a 
high fat percentage on physical examination is impossible in normal weight or slightly overweight 
children, but at the same time it is very important. Establishing which children do have excess fat 
might be a way to prevent the development of overweight in these children. Studies have shown 
that measurement of BMI or skinfolds in children with clinically significant overweight has no real 
advantages.8 
A potential limitation is the small sample size. Considering the amount of measurements, the 
decision was made to investigate a small group of children. Our sample size does not allow to 
investigate subgroups like gender or overweight. Our aim was to investigate a homogeneous 
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group of non-obese children; therefore one age group of healthy normal and slightly overweight 
6-7-year-old children was examined. The conclusions should not be extrapolated to other ages or 
weight groups. All children ate a light lunch before arriving at the hospital. We do not consider 
this as a limitation of the study since this light lunch has shown to have only minor effect on the 
measurements. For deuterium dilution ,  it is known that all subjects within one study should use the 
same protocol, concerning food intake.21 TBW values do not differ for fasted versus fed state. For 
BIA , the consumption of food and beverage may decrease impedance by 4-1 5  ohm over 2-4 h after 
meals, representing an error smaller than 3%.13 DEXA, skinfold thicknesses and BMI are not influence 
by a light lunch. 
Our results show that DEXA on average gives a 4% higher total body fat percentage compared to 
the isotope dilution method. Secondly, the lower the fat percentage, the higher the difference. This 
is in accordance with the study of Sopher et al, who compared DEXA against the four-compartment 
model in 6-1 8-year-old children. DEXA overestimated total body fat at a fat percentage of 1 0-1 5%, 
and underestimated total body fat at 40% total body fat. 16 
Total body fat assessed by the BIA method showed the lowest of all results. Moreover, figures varied 
between negative to positive values. The BIA measures properties of the FFM, fat mass is calculated 
thereafter. We were surprised by the BIA results, as our population was rather homogenous, and we 
applied a formula especially designed for our age group.22 Shaikh et al recently compared the BIA 
with the DEXA method in 1 1 -year-old obese children. The percentage fat mass measured with BIA 
was 7% lower compared to the DEXA method. The absolute fat mass varied between 4 kg lower to 
8.3 kg higher with the BIA method compared to the DEXA method.23 Our results as well as those 
of Shaikh might indicate that the BIA is not suitable to detect children with a high fat percentage. 
The estimations of total body fat based on the different equations using the skinfold thickness 
were not very different from the results of the isotope dilution method. The Deurenberg method 
has special equations for different age groups.24 This might explain why this method showed the 
least difference with the isotope dilution results. The Goran method, a combination of two skinfolds 
and BIA results, was not different from skinfolds alone. This method therefore seems not to have 
advantages. 
In our study, we did not observe a relation between the assessment of total body fat by the isotope 
dilution method and the BMI. A study in 8- 1 1 -year-old children found a good correlation between 
BMI and fat mass as calculated by the DEXA method.25 However, these results show that, for an equal 
BMI between 1 2  and 1 8 , the percentage body fat varies between 8% and 20%. The correlation is 
due to the high percentage fat mass at a high BMI. That the BMI does not distinguish between non­





Our results do not answer the question whether the BMI or any of the non-invasive methods 
predicts the presence of excess fat as a risk factor to the development of obesity-related diseases in 
later life. In a large cohort study, Baker et al found a linear relation between cardiovascular diseases 
in adulthood, and BMI at 7-1 3 years of age.28 BMI therefore might predict risks in large cohorts, but 
might not be suitable for the determination of risk factors in individual children. 
In conclusion, our results indicate that different non-invasive methods to estimate total body fat 
including the BMI show rather variable results. In order to use any of these methods, determination 
of reference data for each method, compared to the four-compartment model, is needed. As long as 
those data do not exist, caution must be used when applying these methods. 
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APPENDIX 1 
Equations used in this article: 
Skinfold thicknesses by Slaughter11 1 
%BF = 7,2 1 *(triceps+subscapular) - 0.008*(triceps+subscapular)2 - 1,7 (for white males) 
%BF = 1,2 1 * (triceps+subscapular) - 0.008*(triceps+subscapular)2 - 3,2 (for black males) 
%BF = 1,33*(triceps+subscapular) - 0.0 13*(triceps+subscapular)2- 2,5 (for all females) 
If the sum of the triceps and subscapular measurements are >35, however, the following equations 
are suggested: 
%BF = 0,783*(triceps+subscapular) + 7,6 for all males and 
%BF = 0,546*(triceps+subscapular) + 9,7 for all females 
Skinfold thicknesses by Deurenberg121 
%BF = 26,56 (log of sum of biceps, triceps, subscapular and iliac crest skinfolds) - 22,23; in pre­
pubertal boys 
%BF= 29,85 (log of sum of biceps, triceps, subscapular and iliac crest skin folds -25,87 in pre-pubertal 
girls 
Skinfold thicknesses by Dezenberg131 
FM (kg) = 0,342*W(kg) + 0,256*triceps (mm) + 0,837*gender(1 for boys, 2 for girls) - 7,388 
%BF = (FMIW)*100 
(FM = fat mass and W = weight) 
BIA by Horlick'4> 
FFM = [3,474 + 0,459 H2/R + 0,064 WJ/[0,769 - 0,009A -0,0 1 65] 
%BF = ([W - FFMJIW)*100 
(FFM = fat-free mass (kg) , H = height (cm), R = resistance (ohm) , W = weight (kg), A =  age (y), S = 
sex (1 for boys, 0 for girls) 
Skinfold thickness and BIA by Goran151 
FFM (kg) = [0, 16 * (H2/R)J + (0,67 * W) - (0, 1 1  * triceps) - (0, 1 6  * subscapular) + 
(0,43 * sex) + 2,4 1  
%BF = ([W - FFM]IW) * 1 00 
(FFM = fat-free mass (kg) , H =height (cm), R = resistance (ohm) , W = weight (kg) , S = sex (1 for 
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Background & Aim: Detecting young children with high amount of body fat is important to 
intervene in the development of obesity. The aim of this study is to gain inside in the bioelectrical 
impedance vector analysis in healthy infants. 
Methods: Repeated measurements of whole body reactance and resistance were assessed, 
using a 50 kHz frequency bioelectrical impedance analysis, in 51 boys and 62 girls during infancy. 
Bivariate vector analysis, which can be used to determine tissue hydration and soft tissue mass, 
was conducted. The 95% confidence intervals of the mean vectors for different age groups and the 
95%, 75% and 50% tolerance intervals were plotted, using resistance and reactance components 
standardized by the participant's height. 
Results: During infancy impedance vectors changed significantly: A vector migration of the Xc/H 
of 8.50 Ohm/m and the R/H of -95.68 Ohm/m between the age of two months and eight to twelve 
months (p=0.0001) was observed. Bivariate, reference tolerance intervals of the impedance vectors 
for healthy infants at the age of two months are presented. 
Conclusion: Our results show a significant impedance vector migration during the first year of life. 
New reference tolerance intervals for the second month of life were constructed. 
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INTRODUCTION 
The prevalence of obesity in children is growing. A relative high amount of total body fat at young 
age might be the start of the development of obesity.1 Detecting young children with a high 
amount of body fat, which points to children with an increased risk for developing obesity, is of 
great importance, since intervening in the development of obesity is still an option in early infancy. 
In children many methods to assess body composition have been described. Dual-energy x-ray 
absorptiometry and isotope dilution are considered standards to measure total body fat. Their use 
is limited because of practicality and costs. Different studies show that BIA can be considered as a 
useful tool for assessing body composition.2-4 The BIA is a user friendly, non invasive, low cost and 
portable method, which can be used to calculate total body fat in children and adults. 
For calculating total body fat BIA equations are often used. These equations assume constant 
composition of fat/non-fat related to electrolytes.5•6 Since the density and tissue hydration in infant's 
changes, the infant body can not be presumed to be a constant conductor of current.7•8 Therefore, 
not a single equation can be developed to calculate total body fat in infants of different ages. 
Whereas the BIA equations determine body fat percentage, the bioelectrical impedance vector 
analysis (BIVA) visualizes the impedance measurements whereupon the body composition can be 
interpreted. In both clinical and research settings, BIVA can be used as a stand-alone procedure to 
assess the hydration of the soft tissue mass (lean and fat) in a person based on patterns of direct 
impedance measurements. Figure 1 shows how to interpret the BIVA patterns.9 In adults, individual 







Major axis => tissue hydration, minor axis =>soft tissue mass 
STEADY STATE 
R/H, Ohm/m R/H, Ohm/m 
Figure 1 :  Interpretation of BIVA patterns9; Mean impedance vector with the reference 50%, 75% and 95% 
tolerance ellipses. The vector of an individual subject is expected to fall within these intervals with probabilities 
of 50%, 75 % and 95%, respectively. Normal hydration is represented by vectors falling within 75% tolerance 
ellipses. Dehydration is represented by lengthening and steepening of the vector. Obese subjects fall in the 





and 95% tolerance ellipses) to determine if that person has normal or abnormal hydration of a 
normal or abnormal soft tissue mass (increased mass as in obese and athletic, or decreased mass 
as in cachectic and lean subjects) compared to the reference population. In adults' weight loss 
following energy restriction, BIVA allows the identification of fat versus lean tissue loss.10 Guida et 
al. confirmed the usefulness of the BIVA in 8-year-old children.1 1  This study showed similar BIVA 
patterns for obese children compared to obese adults, namely a difference of impedance vector 
pattern for obese and normal weight children (the obese subjects fell in the lower left region of the 
reference tolerance ellipses).10  
Based on one cross-sectional study, reference values of the impedance vector are constructed 
for infants.2 The study of Savino found no significant vector migration during the first year of life. 
Progressive vector shortening from birth, through age 2- 1 5  years, toward the adults' vector position 
has been described in literature.7•8•1 2  Vector migration has never been proven for infants during the 
first year of life. Therefore, longitudinal data are needed to investigate the change of the vector 
during the first year of life. If necessary, reference values of the impedance vector for infants should 
be obtained and can be used for clinical practice to detect young children with a high amount of 
body fat. 
The present study was conducted to establish impedance vector migration in healthy children 
during the first year of life. 
METHODS 
Subjects 
This study was performed within the GECKO (Groningen Expert Center for Kids with Obesity) 
Drenthe study. The GECKO Drenthe is a population-based birth-cohort study. All children born from 
April 2006 to April 2007 and living at time of birth in Drenthe, one of the northern provinces of the 
Netherlands, were asked to participate in the study. Within the Dutch Health Care system, Well Baby 
Clinics have a central position during the first years of life. More than 95% of all parents regularly 
visit these clinics, which also provide free immunizations for the baby. Parents of infants visiting 
two out of the 61 Well Baby Clinics in Drenthe between the period September 2006 and April 2007, 
were asked if their child could participate in this study. The participating infants were born at full 
term, adequate for gestational age, did not show chronic diseases or growth problems, and had a 
normal body temperature. Informed consent was obtained from parent or guardian. The study was 
approved by the Ethics Committee of the University Medical Center Groningen and performed in 
accordance with the Declaration of Helsinki. 
Measurements 
A 50 kHz frequency bioelectrical impedance analysis (BIA), type BIA 1 01 (Akern® , Florence, Italy; 
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RJL Systems licensee, Clinton Twp, Ml, USA) was used to measure the whole body reactance and 
resistance. The accuracy of the equipment was checked with a 500 omega resistor supplied by the 
manufacturer before the measurements were performed. Electrodes were longitudinally cut into 
two pieces to fit the infants.8 These outer electrodes were placed on the dorsal surfaces of the third 
proximal phalanx of the right hand and the right foot. The inner electrodes were placed on the 
forearm and pretibial region, leaving 5.5 cm of free skin from the outer electrodes. Participants were 
laid on a non-conductive surface, with all clothing or any kind of metal jewellery removed. During 
the measurements the participants laid still and were distracted by toys. No direct contact was made 
with the infant during the measurements. Three measurements were taken, with arms and legs 
abducted from the body. The mean of the three measurements was taken for further calculations. 
Children were measured two times during the first year of life, the first measurement at the age of 
two months. The second measurement took place between six and twelve months. 
At both visits, body weight was measured using an electronic scale with digital reading, which 
recorded the nearest 0.0 1 kg. Height was assessed using an infantometer and recorded to the 
nearest 0.1 cm. BMI was calculated by dividing weight by stature squared (kg/m2). 
Statistical analyses 
BIVA uses the plot of direct measurements of the vector components resistance (R) and reactance 
(Xe) from the impedance analyzer (RXc graph).13 According to the RXc graph method, impedance 
measurements standardized by the subject's height are plotted as bivariate vectors with their 
confidence and tolerance intervals, which are ellipses on the R-Xc plane. 
To search for gender differences in the different age groups, the bivariate 95% confidence interval 
for the mean impedance vector of boys and girls was calculated and plotted, using the bivariate 
normal distribution of R divided by height (R/H) and Xe divided by height (Xc/H). Two-sample 
Hotelling's T2 test for vector analysis was performed. Separate 95% confidence ellipses indicate a 
statistically significant difference between mean vector positions on the R-Xc plane (equivalent to a 
significant two-sample Hotelling's T2 test, p<0.05). 
Paired one-sample Hotelling's T2 test was performed to determine if the changes in mean vector of 
the groups, measured at the first and second time point, were significantly different from zero (null 
vector). A 95% confidence ellipse excluding the null vector indicates a statistically significant vector 
displacement with age. 






P-values <0.05 were considered to indicate statistical significance. All statistic analyses were 
performed using Microsoft Excel 2003 (using the BIVA software)14 and SPSS version 1 4.0 (SPSS, 
Chicago IL, USA). 
RESULTS 
In total 62 girls and 51 boys participated in the study. The baseline characteristics and results for 
bioelectrical impedance parameters are listed in Table 1. 
All 1 13  children were measured at the age of two months, which was determined as group 1. Group 
2a included 53 infants, who had their second measurement at the age of six to seven months, group 
2b consisted of 46 infants who were measured the second time between eight to twelve months 
of age. 
No differences, concerning gestational age, birth weight, gender, anthropometry and impedance 
measured at the age of two months, were found between the group of children measured twice (n= 
99) and the group of children (n = 14) measured once. 
Small differences for impedance measurements between boys and girls in the different age groups 
were found. The sex- specific 95% confidence ellipses of two mean vectors were overlapping, which 
Table 1 :  Clinical characteristics of the infants divided in group 1 (measured at 2 months), group 2a (second 
measurement at 6-7 months) and group 2b (second measurement at 8-12 months) 
Group 1 Group 2a Group 2b 
2 months 6-7 months 8-1 2 months 
Population (n) 113 53 46 
Gender: male (n) 51 23 23 
male (%) 45.1 43.4 50.0 
• Mean weight (g) 5402 8328 9097 
SD 741 809 996 
• Mean height (cm) 58.7 70.3 73.1 
SD 2.2 2.0 3.2 
• Mean BMI (kg/m2) 15.6 16.8 17.0 
SD 1 .7 1.3 1.3 
Mean R/H (ohm/m) 789 723 692 
SD 97 117 145 
Mean Xc/H (ohm/m) 63 68 73 
SD 21 23 21 
• r {R/H, Xc/H) 0.29 0.09 0.05 
R, resistance; H, height; Xe, reactance; r(R/H, Xc/H), linear correlation coefficient between R/H and Xc/H. 
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means that the position between the vector of a boy and a girl of the same age was not statistically 
different in the R-Xc plane. Hence one group, including both boys and girls, was used to compare 
the different age groups. 
The paired one-sample Hotelling's T2 test determined a difference in mean vectors between the 
first measurement and matching second measurement (Figure 2). The 95% confidence ellipses of 
two mean vectors were not overlapping, which means that the position between the vector at two 
months and at 6- 1 2  months was statistically different (p<0.0001 )  in the R-Xc plane. The p-value of 
the paired one-sample Hotelling's T-test of 0.0089 was found comparing group 2a with the same 
children of group 1 ,  and the p-value of 0.0001 comparing group 2b with the matching children of 
group 1 .  
The reference intervals (95%, 75% and 50% confidence ellipses) for an individual vector measured at 
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Figure 2: Mean impedance vector with the 95% confidence ellipse from subjects measured at the age of two 
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Figure 3: Bivariate reference intervals for the age of two months with 50%, 75% and 95% tolerance el lipse for an 
individual impedance vector. The arrow represents the mean impedance vector. Abbreviations are: R, resistance; 
Xe, reactance; H, height. 
DISCUSSION 
Our results of the repeated measurements show a significant vector displacement during the first 
year of life. Moreover, reference, bivariate, 95 %, 75 % and 50% tolerance intervals of the impedance 
vectors for two-month-old healthy infants are presented. With the use of these intervals, two­
month-old infants with abnormal soft tissue mass can be detected. More studies are necessary to 
obtain reference values for the period between two months and two year. 
Few studies on BIVA have been done in infants. The strength of this study is the repeated 
measurements in this group of infants. In the first year of life the children were measured twice, 
at the age of two months and between the age of six and twelve months. To our knowledge, 
longitudinal data of bioelectrical impedance vectors in infants have not been shown in the literature 
before. However, progressive vector shortening through ages is expected during infancy based on 
cross-sectional studies.7•8 Our longitudinal data confirm progressive vector migration during the first 
year of life. 
One of the limitations of this study is that BIA measurements were not conducted among strictly 
standardized conditions like being fasting or supine for ten minutes. All researchers who investigate 
young children with the BIA face this limitation.2•7•8 Because of the children's age, we decided not to 
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fast the children, with a difference in amount of food intake and a difference in "fasting" time as a 
result. However, consumption of food and beverage may decrease impedance by 4-1 5 ohm over two 
to four hours after meals, representing an error smaller than 3%.3•15 Further, the measurement was 
not taken after lying supine for 1 0  minutes, what is thought to be ideal, because of the hydrostatic 
fluid shift when changing position. 16 Nevertheless, Kushner et al. described a difference of 1 .2% 
between lying for O minute compared to lying for 1 0  minutes.3 Our data were obtained according to 
the normal clinical condition. 
Another limitation is the fixed interelectrode distance during the measurements. In our study, the 
interelectrode distance of 5.5 cm was used to prevent interaction between the pairs of electrodes. 
However, Gartner suggested standard (anatomical) electrode placement when different age groups 
are being compared, since fixed signal electrode does not represent the same part of the limb to 
be measured as conductor.17 However, the fixed distance between the signal electrodes used to 
measure the infants is in line with previous studies.2•7•8 
Literature on bioelectrical impedance vectors in young children are limited and based on cross­
sectional studies. 2•7•8•1 7  Piccoli and colleagues described a group of neonates in the first week 
after birth.8 De Palo and colleagues made reference values of bioelectrical impedance vector in 
healthy Italian children of two to fifteen years.7 One cross-sectional study assessed the bioelectrical 
impedance vector distribution in 1 53 healthy Italian infants between birth and one year.2 This study 
found no significant vector migration during the first year of life. Based on the progressive vector 
shortening through ages, vector migration during the first year of life is expected.7•8 Longitudinal 
data are needed to investigate vector migration during the first year of life. If necessary, reference 
values of the impedance vector for infants should be obtained and can be used for clinical practice 
to assess children's body composition to detect young children with a high amount of body fat. 
Detecting children with a high amount of total body fat is of great importance, since these children 
are at risk for developing overweight in later life. 
Our results show a significant vector displacement during the first year of life in healthy children. 
Possible explanation for the conflicting results with the study of Savino is the use of cross-sectional 
data of Savino.2 Moreover, the study population of Savino of 1 53 children was classified by gender 
and age (intervals of four months). The possibility exists that the intervals were too large and the 
groups too small to detect the migration. 
Our results confirm the progressive vector migration through ages.7•8 The position of tolerance 
ellipses at the age of two months is intermediate between neonates and two-year-old children. 
Body fluid is known to decrease during the first year of life.18 The impedance decrease during 
childhood indicates that soft tissue mass increases. The R/H decrease and Xc/H increase (shift to a 
more athletic body composition) after two months, maybe indicating a greater increase in physical 




activity in the second half of the first year. 
This study presents reference, bivariate, 95 %, 75 % and 50% tolerance intervals of the impedance 
vectors in healthy infants at the age of two months. This reference tolerance interval fills the gap 
between the already existent reference intervals for neonates (age 1 to 7 days) and children age 
2- 1 5  years.7•8 This reference tolerance interval can be used for epidemiological studies and clinical 
practice to provide a bedside assessment of body composition. Reference intervals of impedance 
vectors allow classification of subjects with normal or abnormal body impedance (i.e. body 
composition) and monitoring of repeated measurements. Notable, reference data are dependent 
on the different BIA machines produced by different manufacturers. The 50 kHz frequency BIA,  type 
BIA 1 01 (Akern® , Florence, Italy; RJL Systems licensee, Clinton Twp, Ml, USA) should be used when 
applying the reference values. Namely, all available reference values are based on the same BIA 
machines produced by the same manufacturer.2•7•8 Additionally, validation study is necessary to 
establish whether in children BIVA patterns are as valid as in adult subjects. 
In conclusion, our longitudinal study showed a significant impedance vector migration during the 
first year of life. Moreover, reliable reference intervals (95%, 75%, and 50% tolerance ellipses) for 
two-month-old healthy infants are presented. 
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Background: Both high and low placental weight and birth weight are associated with overweight, 
obesity and related diseases in later life. Studies have shown that maternal factors, like BMI and 
diabetes, influence placental weight and birth weight. However, studies focusing on paternal 
factors are rare. 
Objectives: The aim of this study was to determine parental, especially paternal, factors associated 
with placental weight and birth weight. 
Methods: This population-based birth-cohort study includes 2947 singleton children born from 
April 2006 to April 2007 and living at birth in Drenthe, one of the northern provinces of the 
Netherlands. Placental weight, birth weight, and neonatal anthropometry were measured and 
questionnaires were filled out for this cohort. Associations between parental factors and placental 
weight and birth weight were evaluated using univariate and multivariate linear regression models. 
Results: Univariate regression revealed that the birth weight and BMI of the father were predictors 
for placental and birth weight. However, they were not independent predictors. Independent 
predictors for placental weight were the maternal factors pre-pregnancy BMI, birth weight and 
diabetes. The maternal factors weight gain during pregnancy, birth weight, smoking during 
pregnancy and diabetes were independent predictors for birth weight. 
Conclusion: Paternal as well as maternal factors influence placental weight and birth weight. 
Influencing these factors in order to reduce the obesity epidemic, however, is difficult. 
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INTRODUCTION 
The incidence of overweight and obesity are increasing very rapidly worldwide. Especially alarming 
is the rapid increase of overweight and obesity in young children 1 . In the Netherlands, the obesity 
prevalence doubled or even tripled from 1 980 to 1 997 in boys and girls2• From 1 997 to 2002-2004 
a two-or threefold increase was seen for almost all ages3 • Birth weight is one of the factors known 
to influence the risk of developing overweight'. Both birth weight and placental weight are related 
to the risk of hypertension at adult age. Barker et al found a high blood pressure at adult age in 
individuals born with a low birth weight and a large placenta5• Moore et al confirmed these findings 
in children aged 8 years6• In a review Godfrey noted that both a small and large placenta is associated 
with childhood and adult hypertension7• A small placenta is also associated with an increased risk 
for type 2 diabetes and stroke in adulthood7• 
How birth weight and placental weight are related to long-term outcome is not completely clear. 
Programming is considered to be an important mechanism8•9• Programming is an epigenetic 
phenomenon by which nutrition, hormonal, physical, psychological and other stressful events 
acting during a critical period of life cause hormonal and metabolic derangements9• The gestational 
period as well as the first months after birth have shown to be a critical period for future nutritional 
and hormonal status. 
High birth weight is correlated with a higher body mass index (BMI) in childhood and later life4•1 0• 
Moreover, a high birth weight is associated with a higher lean mass rather than fat mass. Still, a high 
birth weight is a risk factor for diseases in later life 1°. For diabetes, an odds ratio of 1 .7 was found 
for children with a high birth weight (> 4000 g). In contrast, a low birth weight is associated with 
a subsequent higher ratio of fat to lean mass and a higher amount of central fat'. In addition, low 
birth weight is associated with an increased risk of glucose intolerance, high blood pressure and 
dyslipidemia, and related diseases including cardiovascular diseases in later life5• 1 1 • 
Treatment of existing overweight and obesity has shown not to be very effective12• Therefore, 
strategies to prevent these diseases are needed. As the weight of the placenta as well as birth weight 
are related to the incidence of overweight, obesity and its complications, interventions directed to 
optimalize both placental and birth weight will be important. In order to do so, we need to know 
which factors influence both placental and birth weight. Previous studies focused on maternal 
factors influencing both placental weight and birth weight1 3-26• Hypponen et al investigated the role 
of paternal factors. They only evaluated the role of father's BMI and did not find an effect of this BMI 
on the birth weight of the children 1 6• 
In this study we investigated the role of both maternal and paternal factors that might be associated 





PATIENTS AND M ETHODS 
The data for this study were collected in Drenthe, one of the northern provinces of the Netherlands. 
All children born from April 2006 to April 2007 and living at time of birth in Drenthe were eligible. 
Pregnant women in this province were invited to participate in the third trimester of their pregnancy. 
Recruitment took place through obstetricians, midwives and general practitioners, supported by a 
media campaign27• During the recruitment period a total of 4778 infants were born. Of these parents 
3631 (76.0%) wanted to be informed about the study. Finally, 2997 (63%) gave their consent to 
participate in the study. Multiple birth children (25 twins) were excluded from the present analyses. 
No other exclusion criteria were applied. 
The Dutch obstetric system is traditionally characterized by extensive primary care services, 
supported by more specialized care. Midwives and general practitioners are responsible for 
normal deliveries, with obstetricians responsible for those deliveries considered high risk. When a 
complication during pregnancy or delivery arises, the woman is referred to an obstetrician. Thirty­
four percent of pregnant women deliver under the care of a midwife or a general practitioner, 
twenty-three percent of women deliver at home, most often supervised by a midwife28• In this study 
we included all children, born full-term as well as preterm, at home and in a hospital. 
After signing informed consent, the parents received a questionnaire concerning social status, 
anthropometry, diet and smoking habits, and medical history. Medical history was obtained by 
requesting a list of diseases diagnosed by a physician. Mothers' clinical data during pregnancy were 
obtained through midwives, obstetricians and general practitioners. Parental age was recorded 
in years; BMI was calculated by dividing weight (in kg, recorded to one decimal place) by height 
squared (in m, recorded in two decimal place); weight gain during pregnancy was registered in 
kg (without decimals); physical activity was dichotomously coded with positive if once a week or 
more at least half an hour an activity of moderate intensity. Diabetes, hypertension, thyroid disease, 
hypercholesterolemia, and depression (according to the DSM IV) were considered present if disease 
was ever diagnosed through a medical doctor in the past or during the latest pregnancy. 
Placental weight and birth weight were measured at birth, and clinical data concerning pregnancy 
and delivery were collected. Placental weight was measured after the umbilical cord was cut three 
centimeters from the neonate, including membranes and without blood clots. All obstetricians, 
midwives and general practitioners used an electronic scale with a digital readout, which recorded 
to the nearest 0.01 kg for measuring both placental weight and birth weight. 
This study was approved by the Medical Ethics Committee of the University Medical Center 
Groningen and performed in accordance with the Declaration of Helsinki. 
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Data analyses 
The association between placental weight and birth weight was calculated using a linear regression 
model. 
To identify factors associated with placental weight and birth weight, the data were first analysed 
with univariate linear regression using placental weight and birth weight as dependent variables 
and parental factors as independent variables. The parental factors examined were age, BMI, birth 
weight, physical activity, diabetes, hypertension, thyroid disease, hypercholesterolemia, depression, 
smoking, alcohol and substance abuse. The maternal factors, weight gain during pregnancy, parity 
and income were also tested. 
Possible confounding child factors (gestational age and sex of the newborn) were included, in 
the univariate regression analyses, as independent variables. Subsequently, multivariate linear 
regression models with the same outcomes were used to examine the independence of the 
variables associated with the outcomes in the univariate analyses. 
Since both a low and high birth weight increase the risk of overweight, the association between 
parental factors and the groups with low (<2500 gram) and high (>4000 gram) birth weight was 
determined by performing univariate and multivariate logistic regression analyses. Low birth weight 
has been defined by the World Health Organization29 as weight at birth of less than 2500 gram and 
high birth weight has been defined as weight at birth of more than 4000 gram like described in the 
Woman, Infant and Child (WIC) Nutrition Risk Criteria30• 
P values <0.05 were considered to indicate statistical significance. All statistical analyses were 
performed using SPSS version 1 4.0 (SPSS, Chicago IL, USA). 
RESULTS 
A total of 2947 singleton children participated in this cohort study. Of these children included, 
52.3% were of male gender, 5.6% were born prematurely (less than 37 weeks) , and mean gestational 
age was 39.8 (SD 1 .7) weeks. Moreover, 1 50 children (5.2%) had one or two parents with non-Dutch 
ethnicity. Birth weight was recorded for 2528 children and placental weight for 1 651  children. Mean 
birth weight was 3557 grams (SD 540 grams) and mean placental weight was 644 grams (SD 1 43 
grams). The baseline characteristics of the parents are listed in table 1 .  
The parental characteristics of the children with recorded birth weight or placental weight did not 





Table 1. Parental basel ine characteristics for the total study population (n=2947) 
Age (years) 
(Mean ± SD) 
BMI (kg/m2) 
(Mean ± SD) 
Weight gain during pregnancy (kg) 
(Mean ± SD) 
Birth weight (grams) 
(Mean ± SD) 
Parity 
(Median and range) 
Smoking (%) 
Fathers who smoke in presence of mother (%) 
Alcohol use during pregnancy (%) 
Substance abuse during pregnancy (%) 
Hypercholesterolemia in medical history (%) 
Depression in medical h istory (%) 
Diabetes in medical history (%) 
Hypertension in medical history (%) 
Thyroid disease in medical history (%) 
Physical activity: Once a week or more (%) 
Income* (%) 
Less than EUR 850 
Between EUR 850 and EUR 1 1 50 
Between EUR 1 1 50 and EUR 3050 
More than EUR 3050 
Unwil l ing to tell 
Mother (n=2573) 
30.71 ± 4.46 
24.71 ± 4.73 
1 3.78 ± 5.51 
331 1 ± 591 














1 1 .7 
*The d ifferences in materna l and paternal income can be explained by single parents 
Placental weight 
Father (n=2550) 
33.44 ± 4.95 
25.52 ± 3.40 
3487 ± 588 
29.4 













1 1 .9 
The paternal factors BMI and birth weight were positively associated with placental weight (Table 
2). Other factors, such as age, physical activity, smoking in the presence of the mother and paternal 
diseases, were not significantly associated with placental weight. 
The maternal factors, age, BMI, weight gain during pregnancy, parity, birth weight, diabetes, 
hypertension, and depression were positively associated with placental weight (Table 2). Maternal 
smoking during pregnancy was negatively associated with placental weight. Maternal factors like 
the use of alcohol, physical activity, income, thyroid disease and hypercholesterolemia, were not 
significantly associated with placental weight. 
Multivariate analysis revealed that maternal BMI, birth weight, and diabetes were independent 
predictors of placental weight. Placental weight increased by 3.6 grams for every additional kg/m2 
BMI of the mother, 49 gram for every additional kg maternal birth weight and 63 grams if the mother 
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had diabetes. The explained variance of placental weight by this multivariate model was 1 0.5%. 
Weight gain in pregnancy is partly the result of the increasing weight of the fetus and placenta. 
Therefore, we performed the multivariable analysis, with all variables associated with placental 
weight (according to the univariate analysis) , excluding maternal weight gain. Maternal BMI 
(�=3.83, SE=l .1 2 , p<0.001 )  and maternal birth weight (�=0.049, SE=0.009, p<0.001 ) remained 
independently associated with placental weight. The other independent variable associated with 
placental weight in the first analyses, maternal diabetes, had borderline significance in this analysis 
(�=77.99, SE=40.87, p=0.057). 
Birth weight 
Birth weight was associated with placental weight. An increase of 1 00 grams of placenta weight was 
associated with a 63 gram higher birth weight (p<0.001 ). 
Paternal BMI , and paternal birth weight were positively associated with birth weight of the offspring 
(Table 2). Smoking by the father in the presence of the pregnant women was negatively associated 
with birth weight. Physical activity and paternal diseases were not significantly associated with birth 
weight. 
The maternal factors, age, BMI, weight gain during pregnancy, parity, birth weight and diabetes, 
were each positively associated with birth weight of the offspring (Table 2). Smoking, low income 
and hypertension were negatively associated with birth weight. Diseases other than diabetes and 
hypertension,  physical activity and the use of alcohol were not significantly associated with birth 
weight. 
Multivariate analysis revealed that the maternal factors, weight gain during pregnancy, birth weight, 
smoking during pregnancy, and diabetes were independent predictors for birth weight. Birth 
weight increased 1 0  grams for every additional kg of maternal weight gain during pregnancy, 1 8 1 
grams for every additional kg of maternal birth weight, and 420 grams if the mother had diabetes. 
Birth weight decreased with 364 grams when the mother smoked during pregnancy. The explained 
variance in this multivariate regression model of birth weight was 30.3%. 
Multivariate analysis, excluding maternal weight gain as an independent variable, showed that 
the maternal birth weight (�=0.2 1 7 , SE=0.028, p<0.001 ), and smoking during pregnancy (�=-
384.67, SE=65.05 , p<0.001 )  remained independently associated with birth weight. In this analysis, 
parity (�=93.65, SE=20. 1 8 , p<0.001 )  was and diabetes (�=228.27 ,  SE=1 48.39, p=0. 1 25) was not 





T a b l e  2 .  A s s o c i a t i o n s  b e t w e e n  p a r e n t a l  f a c t o r s  a n d  b i r t h  w e i g h t  o r  p l a c e n t a l  w e i g h t  
P l a c e n t a l  w e i g h t  P l a c e n t a l  w e i g h t  B i rt h  w e i g h t  
B i r t h  w e i g h t  
( u n i v a r i a t e )  ( m u l t i v a r i a t e )  ( u n i v a r i a t e )  ( m u l t i v a r i a t e )  
"1  
p  
S E  p  
p  
S E  p  
p  
S E  p  
p  
S E  p  
C h i l d  f a c t o r s  
G e n d e r  - 1 3 . 4 6  7 . 1 1  0 . 0 5 9  - 1 3 0 . 1 6  2 5 . 9 5  < 0 . 0 0 1  - 1 4 3 . 7 8  3 7 . 2 4  
< 0 . 0 0 1  
G e s t a t i o n a l  a g e  2 . 5 3  0 . 3 3  < 0 . 0 0 1  2 . 4 3 2  0 . 4 9 4  < 0 . 0 0 1  2 0 . 1 5  0 . 8 6  < 0 . 0 0 1  1 9 . 8 8  1 . 8 8  < 0 . 0 0 1  
P a t e rn a l  fa c t o r s  
A g e  1 . 4 1  0 . 7 8  0 . 0 7 2  4 . 2 8  2 . 3 3  0 . 0 6 6  
B M I  2 . 5 1  1 . 1 8  
0 . 0 3 4  - 1 . 7 7  2 . 7 3  0 . 5 1 6  7 . 7 7  3 . 4 6  0 . 0 2 5  7 . 2 5  1 0 . 2 3  
0 . 4 7 9  
B i r t h  w e i g h t  0 . 0 3 5  0 . 0 1 1  0 . 0 0 1  0 . 0 2 6  0 . 0 1 6  0 . 1 0 3  0 . 1 4 8  0 . 0 3 2  < 0 . 0 0 1  0 . 0 7 5  0 . 0 5 5  
0 . 1 7 6  
S m o k i n g  o f  f a t h e r  i n  - 1 1 . 1 6  1 0 . 5 7  0 . 2 9 2  - 1 5 4 . 0 5  3 1 . 8 1  < 0 . 0 0 1  
- 5 6 . 4 5  
1 1 7 . 7 6  0 . 6 3 2  
p r e s e n c e  o f  m o t h e r  
A l c o h o l  5 . 1 2  1 0 . 0 6  
0 . 6 1 1  - 1 0 . 9 0  1 3 8 . 2 3  0 . 9 3 7  
S u b s t a n c e  a b u s e  - 1 8 . 7 4  7 1 . 3 4  0 . 7 9 3  - 5 5 8 . 6 4  3 0 7 . 9 9  0 . 0 7 0  
P h y s i c a l  a c t i v i t y  - 5 . 7 5  8 . 2 2  0 . 4 8 4  1 3 . 3 8  2 4 . 6 6  0 . 5 8 8  
D i a b e t e s  - 4 8 . 8 6  4 9 . 8 1  0 . 3 2 7  - 7 5 . 2 4  1 1 9 . 4 3  0 . 5 2 9  
H y p e r t e n s i o n  - 1 5 . 8 3  2 0 . 2 8  
0 . 4 3 5  - 4 2 . 9 2  5 6 . 4 3  0 . 4 4 7  
T h y r o i d  d i s e a s e  - 8 . 7 0  4 2 . 4 6  0 . 8 3 8  - 1 1 9 . 2 3  1 1 9 . 1 6  0 . 3 1 7  
C h o l e s t e r o l e m i a  - 9 . 5 9  2 0 . 2 5  
0 . 6 3 7  - 5 7 . 0 7  5 6 . 3 5  0 . 3 1 1  
D e p r e s s i o n  - 2 1 . 1 4  2 1 . 6 9  0 . 3 3 0  - 3 4 . 1 0  6 0 . 5 5  0 . 5 7 3  
M a t e rn a l  fa c t o r s  
A g e  2 . 6 2  0 . 8 3 3  0 . 0 0 2  - 1 . 4 4  
2 . 4 9  0 . 5 5 5  7 . 7 5  2 . 4 9  0 . 0 0 2  - 3 . 9 0  9 . 9 7  0 . 6 9 6  
B M I  5 . 9 1  0 . 8 0 6  < 0 . 0 0 1  3 . 6 3 2  1 . 1 2  < 0 . 0 0 1  1 7 . 6 1  2 . 3 8  < 0 . 0 0 1  1 6 . 1 2  8 . 7 4  
0 . 0 6 7  
W e i g h t  g a i n  d u r i n g  2 . 0 9  0 . 7 8  0 . 0 0 8  2 . 7 0  1 . 8 0  0 . 1 3 5  
1 4 . 9 8  2 . 1 7  < 0 . 0 0 1  1 0 . 4 1  
3 . 6 0  0 . 0 0 4  
p r e g n a n c y  
P a r i t y  1 8 . 9 2  4 . 2 3  < 0 . 0 0 1  1 3 . 4 3  1 2 . 4 0  0 . 2 8 0  1 1 4 . 3 2  1 4 . 9 2  < 0 . 0 0 1  7 5 . 9 3  4 7 . 5 3  
0 . 1 1 2  
B i r t h  w e i g h t  0 . 0 5 7  0 . 0 0 9  < 0 . 0 0 1  0 . 0 4 9  0 . 0 0 9  < 0 . 0 0 1  0 . 2 1 0  0 . 0 2 5  < 0 . 0 0 1  0 . 1 8 1  0 . 0 3 2  < 0 . 0 0 1  
S m o k i n g  - 3 2 . 7 3  1 1 . 5 9  0 . 0 0 5  - 1 2 . 4 2  3 8 . 6 9  0 . 7 4 8  - 3 7 6 . 7 9  4 1 . 0 2  < 0 . 0 0 1  - 3 6 3 . 7 5  7 4 . 6 1  
< 0 . 0 0 1  
A l c o h o l  - 2 5 . 2 1  3 5 . 8 7  0 . 4 8 2  - 1 0 . 9 0  1 3 8 . 2 3  0 . 9 3 7  
S u b s t a n c e  a b u s e  - 1 8 . 7 4  7 1 . 3 4  0 . 7 9 3  - 5 5 8 . 6 4  3 0 7 . 9 9  0 . 0 7 0  
P h y s i c a l  a c t i v i t y  1 . 6 4  8 . 6 8  0 . 8 5 0  
- 2 5 . 7 0  2 5 . 9 0  0 . 3 2 1  
I n c o m e  
•  l e s s  t h a n  E U R  8 5 0  - 3 9 . 1 8  39.45 0 . 3 2 1  - 3 2 5 . 3 2  1 1 5 . 0 5  0 . 0 0 5  - 2 0 2 . 3 8  4 5 7 . 2 9  0 . 6 5 9  
•  E U R  8 5 0 - 1 1 5 0  - 3 3 . 4 7  2 2 . 8 4  0 . 1 4 3  - 1 0 5 . 4 5  6 3 . 1 5  0 . 0 9 5  
•  E U R  3 0 5 1  o r  m o r e  0 . 7 2 0  8 . 9 4  0 . 9 3 6  - 2 9 . 7 8  2 7 . 0 9  0 . 2 7 2  
•  u n w i l l i n g  t o  t e l l  1 3 . 5 7  1 2 . 6 0  0 . 2 8 2  - 5 7 . 8 0  3 8 . 2 8  0 . 1 3 1  
D i a b e t e s  1 0 2 . 9 3  2 5 . 9 7  
< 0 . 0 0 1  6 2 . 8 6  3 0 . 3 8  0 . 0 3 9  2 3 4 . 5 6  7 0 . 3 4  0 . 0 0 1  4 2 0 . 2 2  
1 0 9 . 7 3  < 0 . 0 0 1  
H y p e r t e n s i o n  2 3 . 3 9  1 2 . 6 9  0 . 0 6 6  1 1 . 5 0  3 4 . 9 2  0 . 7 4 2  - 8 1 . 9 1  3 6 . 3 7  
0 . 0 2 4  1 5 . 2 3  1 2 7 . 6 2  
0 . 9 0 5  
T h y r o i d  d i s e a s e  - 9 . 4 3  1 2 . 9 8  
0 . 4 6 8  1 8 . 8 6  3 8 . 5 2  0 . 6 2 4  
H y p e r c h o l e s t e r o l e m i a  
- 4 . 6 2  3 1 . 1 3  0 . 8 8 2  5 1 . 1 9  9 2 . 4 6  0 . 5 8 0  
D e p r e s s i o n  3 1 . 0 6  1 3 . 3 2  0 . 0 2 0  2 5 . 7 9  3 3 . 8 4  0 . 4 4 7  3 4 . 4 6  4 0 . 3 9  0 . 3 9 4  
Table 3. Associations between parental factors and high- and low birth weight 
Low birth weight Low birth weight High birth weight High birth weight 
(univariate) (multivariate) (univariate) (multivariate) 
� SE p � SE p � SE p � SE p 
n, 
Child factors � 
Gender 0.040 0.333 0.904 -0.446 0.1 23 <0.001 -0.561 0.1 62 0.001 " 
Gestational age -0.089 0.008 <0.001 -0.030 0.042 0.467 0.071 0.006 <0.001 0.095 0.01 1 <0.001 � 0 
Paternal factors s. 
Age -0.Ql l 0.029 0.693 0.023 0.01 1 0.031 0.031 0.072 0.672 Q 
BMI -0.061 0.046 0.1 84 0.031 0.0 16  0.053 " 
Birth weight <0.001 <0.001 0.023 <0.001 <0.001 0.704 <0.001 <0.001 0.005 0.001 <0.001 0.1 04 ;;r 
Smoking of father in 0.2 1 2  0.370 0.567 -0.044 0.171  0.009 -1 .034 0.953 0.278 a-
presence of mother �· 
Alcohol -0.546 0.326 0.094 0.214  0.1 52 0.1 60 "' 0 
Substance abuse 0.677 1 .033 0.5 1 3  0.1 76 0.5 1 2  0.731 .... 
Physical activity 0.008 0.304 0.979 0.1 42 0.1 1 8  0.230 ;. 
Diabetes -1 .547 1 .027 0.1 32 Q' Hypertension 0.327 0.604 0.589 -0.252 0.287 0.380 ;. 
Thyroid disease -0. 1 25 0.604 0.837 11) 
Cholesterolemia -0.090 0.729 0.902 -0.430 0.304 0.1 58 
... 
Q 
Depression -0.063 0.292 0.828 ::i � 
Maternal factors 
Age 0.005 0.030 0.870 0.043 0.01 2 <0.001 -0. 103 0.083 0.2 14  3 
BMI -0.1 29 0.041 0.002 -0.053 0.1 38 0.703 0.064 0.010 <0.001 0.1 00 0.057 0.080 0 
Weight gain during -0.068 0.028 0.01 6 0.021 0.1 02 0.836 0.055 0.010 <0.001 0.058 0.01 5 <0.001 ;. 11) 
pregnancy ... 
Parity -0.325 0.2 16  0.1 32 0.352 0.067 <0.001 0. 1 25 0.304 0.681 ::i 
Birth weight <0.001 <0.001 0.014 <0.001 <0.001 0.577 0.001 <0.001 <0.001 0.001 <0.001 0.1 55 
Smoking 1 .874 0.336 <0.001 2.785 1 . 145 0.014 -1 .1 89 0.285 <0.001 -0.607 1 .292 0.639 " 
Alcohol 0.359 0.587 0.541 ::i 
Physical activity -0.304 0.297 0.306 0.1 56 0.1 25 0.2 10  a 
Income 
� • less than EUR 850 0.927 1 .044 0.374 -0.481 0.625 0.442 
10· • EUR 850-1 1 50 1 .081 0.553 0.051 -0.41 1 0.333 0.2 1 7  � 
• EUR 3051 or more 0.5 1 2  0.321 0.1 1 1  -0.062 0.1 77 0.627 Q 
• unwilling to tell 0.649 0.41 5 0.1 1 8  -0.076 0.1 81 0.674 � 
Diabetes 0.808 0.609 0.1 85 0.905 0.275 <0.001 2.203 0.466 <0.001 er 
Hypertension 0.216 0.41 1 0.559 -0.060 0.1 73 0.729 :::;· 
Hypercholesterolemia 0.954 0.742 0.1 99 0.379 0.392 0.334 ;. 
Thyroid disease -0.045 0.1 84 0.807 � 





Table 3 presents the results of the logistic regression analysis of the low birth weight group (<2500 
gram) and high birth weight group (>4000 gram). In the low birth weight group, none of the mothers 
drank alcohol during pregnancy and none of the fathers had diabetes, depression or thyroid 
disease; therefore no results are presented for these variables. Smoking during pregnancy (13=2.785, 
p=0.014) was independently associated with the group with low birth weight. Weight gain during 
pregnancy (13=0.058, p<0.001 ), and maternal diabetes (13=2.203, p<0.00 1 ) were independently 
associated with the high birth weight group. 
DISCUSSION 
The results of the study indicate that both maternal and paternal factors are related to the weight 
of the placenta as wel l  as birth weight in the offspring. The paternal factors, BMI and own birth 
weight are related to placental weight. Both factors together with smoking in the environment 
of the mother influence birth weight. The influence of the maternal factors age, BMI, weight gain 
during pregnancy, parity, birth weight and diabetes was positively related to both placental weight 
and birth weight; hypertension and depression were positively and smoking was negatively related 
to placental weight. Moreover, the maternal factors smoking, hypertension and low income were 
negatively related to birth weight. 
Unfortunately a number of weight measurements of the placenta were missing in our data. In the 
Netherlands birth weight is measured in virtually al l  newborn infants, but the weight of the placenta 
is not routinely measured, and therefore had to be measured especial ly for our cohort study. 
Unfortunately, this was not always done. We have no reason to assume that a bias has occurred 
regarding which placentas were measured. Therefore, we are convinced that the weights of the 
placenta provide a reliable sample of the whole population. 
We observed a significant relation between placental weight and birth weight. This was also found 
by Hindmarsh et al21 , which gives further support to the observation of Gruenwald31 that the 
placenta is a fetal organ and that placental size is largely a reflection of the determinant of fetal size. 
This is also in accordance with our findings that almost a l l  factors influencing placenta weight were 
also influencing birth weight. 
Placental weight 
Our results indicate that the BMI and birth weight of the father are related to placental weight. In 
the multivariate analysis these factors did not show to be independent factors. The effect size of 
the determinant of the father was, in this univariate analysis, much smal ler  compared to the factors 
of the mother. This might explain why effects disappeared in the multivariate analysis. That the 
paternal factors might influence the weight of the placenta seems remarkable. Hindmarsh et al21 
showed that paternal as wel l  as maternal height was related to placental weight. We observed a 
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relation with the BMI and the birth weight of the father. The relation with birth weight might, as well 
as the observation of Hindmarsh, be fixed in biological terms21 • How the BMI of the father might 
influence the placental weight is less clear. 
A number of maternal conditions are described which influence placental weight. Maternal BMl1 9, 
diabetes20, maternal weight and height21 have a positive effect on placental weight. Smoking had 
a negative effect21 • Our results are in line with these observations and give a further extension. 
We also found that age, weight gain during pregnancy, mother's own birth weight, hypertension 
and depression were positively related to the weight of the placenta. In the univariate analysis we 
observed a positive relation between parity and placental weight. The same positive correlation was 
found by Bieker et al22• The negative effect of parity on placental weight as found by Hindmarsh21 
disappeared when birth weight was included in the analysis. It is, from a physiological point of view, 
understandable that parity would be positively related to placental weight, at least for the first 3-4 
pregnancies. 
Birth weight 
As shown in the univariate analysis, the paternal factors BMI, birth weight and smoking in presence 
of the mother, were related to birth weight. Since the multivariate linear regression analysis revealed 
that maternal factors were independent predictors, while the paternal factors were not, we conclude 
that the maternal factors did have a stronger influence than paternal factors. Little et al also found 
a relation between father's birth weight and the birth weight of his children23• The effect, however, 
being smaller compared to the birth weight of the mother. Nevertheless, these results indicate an 
effect of paternal genes or gene expression on birth weight. In contrast to the study of Hypponen 16 
we observed a relation between BMI of the father and birth weight. Our finding might be caused 
by a correlation between the BMI of both parents, while the real effect was due to the mother's BMI. 
Our results regarding the effect of maternal factors on birth weight are in line with previous studies. 
BMI as well as weight gain during pregnancy was found to be related to birth weight1 3• 1 7•1 8• The 
combination of pre-pregnant BMI and weight gain during pregnancy was also found to be a 
predictor for birth weight24• Our results show that maternal BMI and weight gain during pregnancy 
were related to birth weight. However, maternal BMI was no independent predictor. 
Maternal smoking during pregnancy was independently associated with birth weight. Interestingly, 
maternal smoking predicted birth weight, but not placental weight. This suggests that the size of 
the placenta does not decrease the function of the placenta, but the function of the placenta is 
impaired, resulting in a decreased birth weight. Zdravkovic et al found that tobacco has a direct 
effect on trophoblast proliferation and differentiation, thereby influencing placental function25. 





arterial blood flow. These two findings underscore that smoking might have an effect on placental 
function rather than size. 
The relation between maternal diabetes and birth weight has frequently been described14•15• 
Jovanovic-Peterson showed that more infants of diabetic mothers are at or above the 90th percentile 
for birth weight compared to infants of control mothers14• Voldner et al showed that overweight 
women with a rise in fasting plasma-glucose from early to late pregnancy had a 4.5 fold increase in 
risk of newborn macrosomia compared to mothers with only a high BMl1 5• 
Our prospective birth cohort study was specially designed to answer questions focused on 
childhood growth27• Compared with other cohort studies, more detailed data regarding parental 
medical history and obstetric data (like placental weight, parity, smoking, use of alcohol during 
pregnancy) were collected. Therefore, in our opinion the results of our study are more accurate 
compared to other studies focused on this specific facility of one variable on one outcome1 6•1 8•24, or 
when data were collected retrospectively 1 3•24• 
Unfortunately, our data are not very helpful in designing interventions to prevent the occurrence 
of overweight and obesity in infants. Factors influencing placental and birth weight are hard to 
manipulate. The only factors that might be influenceable during pregnancy are smoking during 
pregnancy and weight gain during pregnancy. The other factors like BMI of the mother and the 
father need to be addressed long before pregnancy. 
In conclusion, paternal as well as maternal factors influence placental weight and birth weight. 
Influencing these factors in order to reduce the obesity epidemic, however, is difficult. 
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Background The prevalence of childhood obesity is increasing rapidly during the last decennia. If 
the increase in obesity already starts in the first year of life is unknown. 
Objectives The aim of this study is to investigate the changes in the last decennium in terms of 
weight, length, and waist circumference during the first year of life. 
Design This study is a population-based observational birth-cohort study, which includes all children 
born from April 2006 to April 2007 in Drenthe, one of the northern provinces of the Netherlands. 
During the first year of life, anthropometry of the infants was performed at eight regular visits at 
the Well Baby Clinics. The LMS method was used to construct growth charts for weight, length, and 
waist circumference and to calculate Z-scores for all individual observations. The absolute values for 
weight, length and waist circumference between the data gathered in 2006-2007 were compared to 
Dutch data of 1996-1997. To determine the significance of the difference between the Z-scores from 
our present cohort data and Dutch data of 1996-7 the paired t-test was performed. 
Results A total of 2997 children participated in this cohort study. Growth charts during the first 
year of life were constructed based on measurements of singletons with Dutch origin. The values 
of length, weight and waist circumferences obtained in 2006-7 were significantly higher than the 
national data obtained in 1996-7. Growth (in terms of gain in weight, length and waist circumference) 
during the first year of life decreased during the last 10 years period. 
Conclusion Infants at one year of age, on average, have become taller and heavier with an increased 
waist circumference over the past 1 0  years. The increase in overweight and obesity in children, 
however, cannot be attributed to a higher weight gain during the first year of life . 
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INTRODUCTION 
The incidence of overweight and obesity is rapidly increasing worldwideY Even more alarming is 
the rapid increase in overweight and obesity in young children.1•3 In the Netherlands, the obesity 
prevalence doubled or even tripled from 1 980 to 1 997 in boys and girls.4 From 1 997 to 2002-2004 
a two-or threefold increase was seen for almost all ages.5 In 2004, the prevalence of overweight 
ranged in boys from 9.2% in 5-year-olds to 1 7.3% in 9 year-olds and in girls from 14.6% in 6-year­
olds to 24.6% in 9-year-olds. The prevalence of obesity ranged in boys from 2.5% in 6-years-olds to 
4.3% in 9-year-olds, and in girls from 2.3% in 5-year-olds to 6.5% in 8-year-olds. The risk to become 
overweight and obese at adult age is related to factors during pregnancy and in early life.6•7 Low 
birth weight and high birth weight are risk factors for the development of overweight and obesity.8 
A weight gain above the mean during the first two years of life also is found to be a risk factor for 
the development of overweight and obesity.9 One study indicated that a pattern of rapid weight 
gain during the first 4 months of life is associated with an increased risk of overweight at 7 years 
independent of birth weight and weight at 1 year.10 Another study showed that weight at 8 months 
and weight gain during the first year of life are associated with the increased risk for obesity at 7 
years.1 1 
We showed in a previous paper that the mean birth weight of infants in the Netherlands has 
increased over the past 1 0  years.12 It is unclear at present in which period during the first year of life 
a rapid weight gain might be a risk factor for the development of overweight and obesity in later 
life. Moreover, it is unknown if the increase in birth weight causes an increased weight at 1 year of 
age. An increase in the mean weight at 1 year of age might be part of the explanation of the rapid 
increase in the incidence of overweight in later life. 
During the last centuries, in children and adolescents a secular trend for height is seen.2 Since 
height increases, an increase in weight can also be expected. However, the increase in weight for 
schoolchildren during the last decennia was higher than expected based on the secular trend for 
height.2 Studies over the last SO years did not show a secular trend for height during the first year 
of life. 1 3 When the development of obesity starts in the first year of life, an increase in infant weight 
during the last 1 0  years is expected considering the steep increase in prevalence of childhood 
overweight and obesity. 
In order to answer the question if the increase in overweight and obesity already starts in the 
first year of life, we evaluated prospectively in a large cohort of healthy term infants the gain of 
weight, length and waist circumference during the first year of life, and compared our results to data 
obtained in the Netherlands 1 0  years ago. 





above international growth charts14, since factual difference between populations are found.14-1 6 
Moreover, long itudi na I data a re preferred for constructing growth reference va I ues.14 With the use of 
longitudinal data, instead of cross-sectional data, growth patterns can be explored. Cross-sectional 
data describe achieved growth at specified age rather than growth per se. 
This study, the GECKO Drenthe study, is a population-based birth-cohort study of children born in 
a one-year period in Drenthe, one of the northern provinces of the Netherlands. In this article, we 
present longitudinal data of a homogenous group of infants. The use of longitudinal data makes it 
possible to investigate the tracking of weight during the first year of life. 
The first aim of this study is to investigate the changes in the last decennium in terms of weight, 
length, and waist circumference during the first year of life. A second aim is to analyse growth 
patterns during the first year of life. Based on the longitudinal data on growth in this large cohort 
of healthy infants, we constructed growth curves. Based on these growth data we analyzed the 
following questions: 
• Are there differences between these data gathered in 2006-2007 compared to Dutch 
data of 1 996-1997. 
• Do infants follow the same growth pattern during the first and second 6 months of the 
first year of I ife. 
METHODS 
The data of this growth study were collected in Drenthe, one of the northern provinces of the 
Netherlands. 12  All children born from April 2006 to April 2007 and living at time of birth in Drenthe 
were allowed to participate in this study. Their mothers were invited to participate in the third 
trimester of their pregnancy. Recruitment took place through obstetricians, midwifes and general 
practitioners, supported by a media campaign. If for any reason a child was not included in the 
GECKO Drenthe study before birth, a nurse of the Well Baby Clinic invited the parents of the newborn 
to participate after birth. 
Within the Dutch Health Care system, the Well Baby Clinics have a central position during the first 
four years of life. The Well Baby Clinic provides routine check-ups concerning health, cognitive 
and motor development. More than 95% of parents visit these clinics, which also provide free 
vaccinations for the baby. During regular visits at the Well Baby Clinic, the data for the GECKO­
Drenthe study were obtained through questionnaires and anthropometry. 
Anthropometry was performed by trained staff. Body weight was measured using an electronic scale 
with digital reading, which recorded the nearest 0.0 1 kg. Length was assessed using an infantometer 
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and recorded to the nearest 0.1 cm. Children were measured in supine position. Waist circumference 
was measured in supine position during gentle expiration, at the mid-point between the lower 
costal margin and the level of the anterior superior iliac. Waist circumference was performed with a 
standard tape measure, and recorded to the nearest 0. 1 cm. 
Data handling 
Age at examination was calculated in days and then rounded off to weeks. The age of the children 
was calculated by date of examination minus date of birth. 
The correctness of data was checked in various ways. Firstly by identifying outlying observations 
on scatter plots of the four outcome variables against age. A more refined check consisted of fitting 
quadratic mixed effects models, identifying children with extreme residuals on the basis of the 
fitted models, and subsequently plotting and inspecting thus identified "unusual" individual growth 
curves. Obvious measurement errors were excluded for further analyses. 
Statistical analysis 
Only data of singletons (growth of twins and singleton differs during the first 2.5 years of life1 7) of 
Dutch origin (children with other ethnicities tend to grow differently1 4•16) were used to construct 
growth charts. 
Growth charts for length, weight and waist circumference were constructed to infer on "tracking" 
during the first year of life. Growth charts were constructed by LMS-method as implemented in 
the computer program Growth Analyser (version 3, Dutch growth foundation 2001-2007). 1 8 The 
LMS-method transforms outcomes at each age to standard normal distribution. The transformation 
depends on three parameters related respectively to median (M), coefficient of variation (S) and 
skewness (L). The time dependence of each of these parameters is separately modeled by using 
cubic splines. Thus smoothed parameters are then used to calculate normal distribution based 
reference limits and also to calculate Z-(SD-)scores for individual observations. 
Using the equation below, for each measurement z-score was obtained: 
Z={[(X/M)**L]-1 }/(L *S) 
where X is the physical measurement(weight, height, or waist circumference) and L, M, and S are the 
values from the LMS analyses corresponding to age. 
To investigate the changes in growth during the first year of life in the Netherlands over the past 1 0  
years, our cohort data were compared with the national growth data of 1 996-7. The national growth 
data are based on cross-sectional data of 1 4.500 boys and girls of Dutch origin in the age range 0-20 
years. From these data growth charts were constructed with the LMS method. 1 3•19 Since the data of 
the national growth study were cross-sectionally collected, the number of children measured at one 
specific time point is unknown. Z-scores based on the LMS values were used to statistically compare 





national growth data were calculated. To determine the significance of the difference between the 
Z-scores from the GECKO data and national growth study of 1996-7 the paired t-test was performed. 
The absolute values for weight, length and waist circumference of 2006-7 were calculated with the 
LMS values (see equation above). The absolute values for weight, length and waist circumference 
gathered in 2006-2007 were compared to Dutch data of 1996-1997. 
To analyse if infants follow the same percentile during two periods in the first year of life, we 
compared correlations of z-scores at 6 and 26 weeks to those at 26 and 46 weeks. The null hypothesis 
that there is no difference between the following growth curves can be formulated as equality of 
correlations r(6,26) and r(26,46), the alternative hypothesis of more following growth percentiles 
after 26 weeks becomes that of an increased correlation r(26,46) in comparison to r(6,26). The three 
ages were chosen to be equidistant (correlation is expected to decrease with increasing distance in 
time), and centered at the middle of the observation range of specific visits at the Well Baby Clinic. 
If no observation was available at the target age we used linear interpolation between the two 
closest times, but only if the interpolation interval did not exceed 6, 8 and 1 0  weeks for target ages 
6, 26 and 46 weeks respectively. The test of equality of the two correlation coefficients used data of 
children where all three z-scores (at 6, 26 and 46 weeks) were available. The test was based on the 
following argument. Denoting the z-scores at ages 6, 26 and 46 weeks of the i-th child as Z11 , Z12 and 
Z13, the correlation coefficient between r(6,26) is estimated by LZ11 ·Z/n and r(26,46) by LZ12·Z/n. The 
difference between the two correlations, LZ12(Z11 - Z13)/n, is proportional to the correlation between 
Z2 and z, - Z3• Thus to test for the equality of the two correlations we can use the t-test for the 
absence of correlation between Z2 and z, - Z3• 
P values 0.05 or less were considered to indicate statistical significance. All statistical analyses were 
performed using SPSS version 14.0 (SPSS, Chicago IL, USA). 
RESULTS 
Recruitment took place through obstetricians, midwives and general practitioners. During the 
recruitment period a total of 4778 infants were born. Of these, 3631 (76.0%) parents wanted to 
be informed about the study. Finally, a total of 2997 (62.7%) children participated in this cohort 
study. Few parents stopped participating when the child was born. Of 2733 (57.2 %) children, 
anthropometric data were collected during the first year of life. Of these children, 51 .2% were of 
male gender, 5.7% were born prematurely (less than 37 weeks), and mean gestational age was 39.9 
(SD 1 .6) weeks. The number of parents who participated with twins was 22 (1 .6%). Moreover, 1 1 6 
children (4.2%) had one or two parents with non-Caucasian ethnicity. Twins and children of a non­
Dutch ethnicity were not included in the construction of growth curves that are based on data of 
2573 children. 
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From these data growth curves, as shown in figures 1-6 ,  are constructed. The number of 
measurements per infant is shown in table 1 .  As is shown in the figures data points were equally 
distributed over the whole one year period. 
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Figure 1 :  weight-for-age growth chart for boys 
[-�-----�-.!!!.. ... �-----� 
t. 
Figure 3: length-for-age growth chart for boys 
Figure 5: waist circumference-for-age growth 
chart for boys 
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Figure 2: weight-for-age growth chart for girls 
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Figure 4: length-for-age growth chart for girls 
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Figure 6: waist circumference-for-age 





Table 1 :  frequency table 
Measurements 2 3 4 5 >6 
Weight 2572 2561 2537 2465 1972 1912 
Length 2565 2560 2530 2458 1957 1900 
Waist circumference 2539 2543 2528 2456 1971 1907 
Table 2 showed the mean and standard deviation for weight, length and waist circumference of 
the data of this GECKO Drenthe cohort study compared to data of a national study in 1996-7. At 4 
weeks of age weight, length and waist circumference were higher in both boys and girls in the data 
of 2006-7 compared to 1996-7. The same was true for the data at 26 and 48 weeks. The difference in 
mean weight between 1996-7 and 2006-7 was, at 4 weeks 210 grams in boys and 150 grams in girls. 
At 48 weeks the difference was 140 grams in boys and 160 grams in girls. In relation to weight, this 
difference is smaller. Moreover, the gain in weight during the first year of life was lower in the latest 
cohort (Table 3). 
The difference in mean length between 1996-7 and 2006-7 was, at 4 weeks 0.2 cm for both boys 
Table 2. Data (0 SD, -2SD and + 2SD) for weight, length and waist circumference of boys and girls measured in 
1996-7 and 2006-7 
GECKO Drenthe study (2006-7) National growth study (1996-7) 
-2 SD 0 SD 2 SD -2 SD 0 SD 2 SD 
Age 4 weeks 
Boys-weight (kg) 3.37 4.51 5.58 3.4 4.3 5.4 
Girls-weight (kg) 3.28 4.25 5.30 3.2 4.1 5.1 
Boys-length(cm) 49.9 54.7 58.7 50.1 54.5 58.9 
Girls-length (cm) 49.4 53.8 57.7 49.6 53.6 57.6 
Boys-waist circ. (cm) 31.1 37.0 42.2 28.2 35.3 41.5 
Girls-waist circ.(cm) 30.3 35.7 40.8 27.6 34.8 40.2 
Age26 weeks 
Boys-weight (kg) 6.41 8.09 9.85 6.2 7.9 9.8 
Girls-weight (kg) 5.98 7.53 9.20 5.9 7.3 9.1 
Boys-length(cm) 63.6 68.7 73.2 62.9 67.9 72.9 
Girls-length (cm) 62.2 66.9 71.5 61.6 66.4 71.2 
Boys-waist circ. (cm) 36.2 42.6 48.4 35.8 42.0 47.8 
Girls-waist circ.(cm) 35.6 41 .6 47.3 35.0 41.0 47.0 
Age48 weeks 
Boys-weight (kg) 8.13 1 0.04 12.20 7.9 9.9 1 2.4 
Girls-weight (kg) 7.61 9.46 11.45 7.4 9.3 1 1 .5 
Boys-length(cm) 70.7 76.0 80.7 70.0 75.4 80.8 
Girls-length (cm) 69.7 74.4 79.2 68.7 73.9 79.1 
Boys-waist circ. (cm) 37.6 44.5 50.7 37.8 44.1 50.3 
Girls-waist circ.(cm) 37.2 43.4 49.3 37.1 42.9 49.2 
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Table 3. Mean gain in weight, length and waist circumference of boys and girls measured in 1996-7 and 2006-7 
Data of 2006-7 1996-7 
0 SD 0 SD 
Age 4-48 weeks 
Boys-weight {kg) 5.53 5.6 
Girls-weight {kg) 5.21 5.2 
Boys-length{cm) 21.3 20.9 
Girls-length {cm) 20.6 20.3 
Boys-waist circ. {cm) 7.5 8.8 
Girls-waist circ.{cm) 7.7 8.1 
and girls. At 48 weeks the difference was 0.6 cm in boys and 0.5 cm in girls. In relation to length, this 
difference is larger. The gain in length during the first year of life was higher in 2006-7 compared to 
1 996-7 (Table 3). 
The difference in mean waist circumference between 1 996-7 and 2006-7 was, at 4 weeks 1 .7 cm in 
boys and 0.9 cm in girls. At 48 weeks the difference was 0.4 cm in boys and 0.5 cm in girls. In relation 
to waist circumference, this difference is smaller. Moreover, the gain in waist circumference during 
the first year of life was lower in our present cohort (Table 3). 
As described in the method section ,  the number of children measured in the national growth 
study at one specific time point is unknown. Therefore, Z-scores based on the LMS values were 
used to statistically compare the data of 1 996-7 and 2006-7. The paired t-test determined that the 
differences between 1 996-7 and 2006-7 for weight, length and waist circumference at the ages 4, 26 
and 48 weeks were significantly different. 
As both weight and length increased during the last 1 0  years period, we also calculated the BMI 
(table 4) in order to relate the increase in weight to the increase in length. The BMI in both boys and 
girls was higher at 4 weeks of age. However, no differences were found at 26 and 48 weeks. Together 
Table 4. Mean for BMI of boys and girls measured in 1996-7 and 2006-7 





























these data indicate that weight, length and waist circumference were higher at 4 weeks of age than 
1 O years ago. This is in accordance with the higher birth weight as described before. Weight and 
length are still higher at 48 weeks, but the difference in weight is less in absolute amount and also 
when expressed as percentage of body weight. That waist circumference is higher in 2006 compared 
to 1 0  years ago might indicate an increased tendency to overweight already at 1 year of age. 
The correlation between the z-scores calculated at 6 versus 26 weeks and 26 versus 46 weeks is 
shown in table 5. In this analysis data of the whole cohort could not be included, as according to 
the methods data at 6 ± 3, 26 ± 4 and 46 ± 5 weeks of each individual infant needed to be available. 
The results show a significant higher correlation between the z-scores in the period 26-46 weeks 
compared to 6-26 weeks, in boys and girls for weight and waist circumference. For length only in 
boys this comparison was significant. The results indicate that infants follow the growth percentiles 
more strictly in the period 26-46 weeks compared to 6-26 weeks. During the first period of life, 
infants frequently change their percentiles. 
Table S. Pearson correlation coefficients between z-scores at ages 6-26 weeks and 26-46 weeks. 
Boys Girls 
n 6-26 26-46 P* n 6-26 26-46 P* 
Weight 302 0.624 0.858 0.001 288 0.61 9 0.866 0.001 
Length 296 0.686 0.866 0.001 283 0.763 0.840 0.55 
Waist c. 299 0.523 0.768 0.001 286 0.514 0.728 0.002 
DISCUSSION 
The results of the study indicate that infants at the age of one year, on average, have become 
taller and heavier with an increased waist circumference over the past 1 0  years. At the same time, 
differences were more pronounced at 4 weeks compared to 26 and 48 weeks of age. The gain in 
weight and waist circumference was lower in 2006-7 while length gain was higher. Differences 
therefore can be attributed to a higher weight, length and waist circumference at birth, and not to 
increased weight gain during the first year of life. The increase in overweight and obesity in children 
seen over the past 1 0  years therefore cannot be attributed to a higher weight gain during the first 
year of life. 
A number of studies, as summarized by Ong9 and critically reviewed by Stettler 1°, have found that 
a rapid weight gain in the first 2 years of life is associated with an increased risk of overweight/ 
obesity at 7 years up till adulthood. A number of questions regarding these studies remain. First, 
at what period during the first years of life rapid weight gain might be a risk factor, is not clear. A 
number of studies concluded that a rapid weight gain during the first 3 years of life is a risk factor, 
while other studies report only the first 4-6 months to be a risk period. These different results might 
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partly be explained by the availability of reliable data on growth in the first 3 years of life. A number 
of studies are based on retrospectively collected data limiting the accuracy to determine the most 
critical period. In the study of Ong et al only data from birth and 2 years were available.9 Toschke et 
al retrospectively collected data at birth, 6, 1 2  and 24 months.20 They concluded that weight gain 
during the whole 2 years period best predicted the risk of overweight at 5-7 years. Stettler et al 
concluded from a study including 1 9397 infants, that a rapid weight gain in the period 0-4 months 
was most predictive for the development of overweight at 7 years. 10  Their results might have been 
influenced by a lack of growth data at all age points. Secondly, it is unclear if the risk of rapid weight 
gain is confined to children with a low birth weight or birth weight-independent. According to the 
studies of Stettler1 0  and Toschke20, the results are independent of birth weight, while according to 
Ong et al a rapid weight gain is only a risk factor in infants with a low birth weight.8 Our longitudinal 
prospective data indicate that infants changes percentiles much more frequently during the first 
6 months compared to the second 6 months of life. This indicates that rapid weight gain is more 
prevalent during the first 6 months. A follow-up of our cohort is needed to investigate which period 
in the first year of life is most related to later overweight. 
Remarkable, basically all studies on weight gain during the first year of life did not include length 
gain as a variable. It might be different if a child is increasing rapidly in both weight and length 
versus only weight. Our data show that not only weight increased over the past 1 0  years, but also 
height. This resulted in a BMI at 1 year of age that was not different between 1 996-7 and 2006-7. 
More studies are needed to analyse if a rapid weight gain in infancy is a risk factor independent 
from the gain in length. A rapid weight gain alone is a rather poor predictor for the development of 
overweight. Only 1 9% of infants with a rapid weight gain during the first 2 years of life developed 
overweight in later life.20 Studies not only measuring weight and length, but also body composition, 
are needed to further clarify the question if a rapid weight gain in infancy leads to excess body fat 
at 7 years. 
It is questionable if an increase in the incidence of rapid weight gain in infancy can be explained by 
the rise in overweight and obesity at 4-1 2  years of age. A general trend to become heavier might 
be more important. Therefore, we analysed if next to a higher birth weight growth parameters have 
changed over the past 1 0  years in the Netherlands. We found a higher weight, length and waist 
circumference in 2006-7 compared to 1 0  years ago. At the same time, however, the gain in weight 
and waist circumference during the first year of life was not different between 1 996-7 and 1 0  years 
later. There was a small increase in length gain. These data together do not support the hypothesis 
that the increase in weight during the first year of life is related to the increased development of 
overweight and obesity in childhood. 





a representative sample of the Dutch population. Moreover, our longitudinal data were obtained 
within a short period of time. With the use of longitudinal data, instead of cross-sectional data, 
growth patterns like changing percentiles, could be explored. 
A potential limitation of our study is that data were collected by different investigators. Various Well 
Baby Clinics were cooperating in the study, which can result in inter-observer differences. To reduce 
the inter-observer variation, protocols have been set up to describe measurements in details, and 
training sessions have been given to all staff. Therefore, we believe our data are very reliable. 
In conclusion, our data show that infants on average have become taller, heavier, with an increased 
waist circumference over the past 1 0  years. At the age of one month, weight and waist circumference 
were higher than 1 0  years ago, but growth (in terms of gain in weight and waist circumference) 
during the first year of life was lower. There was a slight increase in gain of length. These data do 
not support the hypothesis that a high weight gain in the first year of life is contributing to the high 
incidence of overweight and obesity in children at later age. 
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Background Weight gain during infancy is associated with childhood obesity. For early detection 
of children at risk for the development obesity it is of great importance to know factors which 
influence weight gain during infancy. 
Objectives The aim of this study is to determine parental and environmental factors associated with 
growth patterns during the first year of life. 
Design This study is a population-based observational birth-cohort study, which includes all children 
born from April 2006 to April 2007 in Drenthe, one of the northern provinces of the Netherlands. 
During the first year of life, anthropometry of the infants was performed at eight regular visits at 
the Well Baby Clinic. Z-scores for all individual observations were calculated with the LMS-method. 
Multiple linear regression models were used to investigate which factors influence infant weight 
gain. 
Results A total of 2997 children participated in this cohort study. Multivariate analysis revealed that 
breastfeeding at the age of three months was an important negative predictor for weight gain, gain 
in length, waist circumference and hip circumference in the first half and first year of life. Breast-fed 
children gained less than formula-fed children during these periods. Pre-pregnant maternal BMI 
predicted gain in weight and length during the second half year of life. Moreover, pre-pregnant 
maternal BMI and maternal diabetes were both positive predictors for gain in waist circumference 
during the first half year and first year of life. Paternal BMI was a positive predictor for gain in waist 
circumference during the second half year of life. Smoking during pregnancy influenced weight 
gain positively in the first half year of life. The amount of sleep at the age of four months was a 
negative predictor for weight gain in the second half year of life. Amount of physical activity at the 
age of nine months was negatively associated with gain in waist circumference in the second half 
year of life. 
Conclusion A number of parental and environmental factors influence growth during the first year 
of life. The most evident factor is breastfeeding. 
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INTRODUCTION 
The prevalence of childhood obesity is increasing rapidly in most countries around the world.1 -3 
Obesity is strongly associated with adverse health outcome, including diabetes, dyslipidemia, 
hypertension , coronary heart disease, renal disease, cancer, musculoskeletal complications, asthma 
and other respiratory problems, and decreased fertility.4-5 Next to the association with adverse 
health outcome, childhood obesity has negative influence on psychological health. Obese children 
have a decreased self-esteem, social marginalisation and decreased quality of life.5 
The mechanism of developing obesity is not fully understood, however the genetic adaptation to 
environmental factors in early life (programming) is considered to be very important.6-8 Therefore, 
early detection of children at risk for the development of obesity is necessary. Given the importance 
of programming, primary prevention has a great advantage above treatment of obesity.9 
Observing infant growth accurately is important to identify the children at risk for developing 
obesity. Firstly, rapid weight gain in infancy (first 9 months) is associated with childhood obesity.1 0  
This fact is confirmed in a systematic review, all 1 3  studies found significant associations between 
infant weight gain from birth and obesity risk at age 3-70 years.1 1 Secondly, overweight in infancy 
tracks to childhood obesity, which itself is associated with an increased risk of adult obesity. 12• 13  
Children at risk for developing obesity can be identified based on their growth pattern or through 
determining their known risk factors. The review of Kipping et al. describes specific risk factors for 
the development of childhood obesity.14  This review is mainly based on cross-sectional studies 
and other reviews. To increase certainty which factors contribute to the development of obesity, 
longitudinal data should confirm previous findings.5•15 
This study, the GECKO Drenthe study, is a population-based birth-cohort study of children born in 
a one-year period in Drenthe, one of the northern provinces of the Netherlands. In this article, we 
focus on the first year of life and present longitudinal data of a homogenous group of infants. 
Rapid infant weight gain is an independent risk factor for the development of childhood obesity.1 0•1 1  
The factors which influence infant weight gain are still unclear. Therefore, in this study we focus on 
the influence of specific parental and environmental factors on infant growth. 
METHODS 
The GECKO Drenthe study has been designed to determine early risk factors for the development 
of overweight/obesity. The data of this growth study were collected in Drenthe, one of the northern 
provinces of the Netherlands.16 All children born from April 2006 to April 2007 and living at time of 





trimester of their pregnancy. Recruitment took place through the obstetricians, midwifes and 
general practitioners, supported by a media campaign. If for any reason a child was not included 
in the GECKO Drenthe study before birth, a nurse of the Well Baby Clinic invited the parents of the 
infant to participate. 
Within the Dutch Health Care system, the Well Baby Clinics have a central position during the first 
years of life. The Well Baby Clinic provides routine check-ups concerning health, cognitive and motor 
development. More than 95% of parents visit these clinics, which also provide free vaccinations for 
the baby. During regular visits at the Well Baby Clinic, the data of the GECKO Drenthe study were 
obtained through questionnaires and anthropometry. 
Anthropometry was performed by trained staff. Body weight was measured using an electronic 
scale with digital reading, which recorded the nearest 0.0 1 kg. Length was assessed using an 
infantometer and recorded to the nearest 0.1 cm. Children were measured in supine position. Waist 
circumference was measured in supine position during gentle expiration, at the mid-point between 
the lower costal margin and the level of the anterior superior iliac. Hip circumference was measured 
in supine position at the greater trochanters. Both circumferences were performed with a standard 
tape measure and recorded to the nearest 0.1 cm. 
After signing informed consent, the parents received a questionnaire concerning social status, 
anthropometry, diet and smoking habits, and medical history. The following factors were 
investigated in this study: ethnicity, multiple birth, breastfeeding, introduction of complementary 
feeding, amount of sleep, television viewing, physical activity, parental BMI, maternal diabetes and 
maternal smoking during pregnancy. 1 4 The clinical data of the pregnant women were obtained 
through midwives, obstetricians and general practitioners. Ethnicity, multiple birth, breastfeeding, 
complementary feeding, maternal diabetes and smoking during pregnancy were dichotomously 
recoded. Ethnicity was coded non-Dutch if one of the parents/grandparents was born in a foreign 
country with one or two foreign parents. Breastfeeding at three months was coded when the milk 
given was exclusively breast milk. Complementary feeding was defined as solid food or porridge. 
Maternal diabetes was defined as ever diagnosed through a medical doctor in the past or during 
the latest pregnancy. Parental BMI, television viewing, physical activity, and amount of infant sleep 
at four months were registered as continuous variables. Television viewing at the age of six months 
was recoded as hours of television viewing per day of any member of the family in presence of the 
child. Physical activity at the age of nine months was defined as hours of free movement of the 
infant per day. 
Data handling 
Age at the examination was calculated in days and then rounded off to weeks. The age of the 
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children was calculated by date of examination minus date of birth. 
The correctness of data was checked in various ways. Firstly by identifying outlying observations 
on scatter plots of the four outcome variables against age. A more refined check consisted of fitting 
quadratic mixed effects models, identifying children with extreme residuals on the basis of the 
fitted models, and subsequently plotting and inspecting thus identified "unusual" individual growth 
curves. Obvious measurement errors were excluded for further analyses. 
Statistical analysis 
Of all participants Z-scores of individual anthropometric observations were calculated with the 
LMS-method as implemented in the computer program Growth Analyser (version 3, Dutch growth 
foundation 2001-2007).1 7 The LMS-method transforms outcomes at each age to standard normal 
distribution. The transformation depends on three parameters related respectively to median (M), 
coefficient of variation (S) and skewness (L). The time dependence of each of these parameters is 
separately modeled by using cubic splines. Thus smoothed parameters are then used to calculate 
normal distribution based reference limits and also to calculate Z- scores for individual observations. 
Using the equation below, for each measurement z-score was obtained: 
Z={[(X/M)**L]-1 }/(L *S) 
where X is the physical measurement (weight, height, waist circumference, or hip circumference) 
and L, M, and S are the values from the LMS analyses corresponding to age. 
We calculated z-scores at three ages: 6, 26 and 48 weeks. The three ages were centered at the middle 
of the observation range of specific visits at the Well Baby Clinic. If no observation was available at the 
target age we used linear interpolation between the two closest times, but only if the interpolation 
interval did not exceed 6, 8 and 1 0  weeks for target ages 6, 26 and 48 weeks respectively. 
To identify factors, which were independently associated with gain in weight/ length/ waist 
circumference/ hip circumference, the data were analysed with multiple linear regression using 
Z-score gain of the following periods in the first year of life: 6-26 weeks; 6-48 weeks; 26-48 weeks. 
Z-score gain in weight/ length/ waist circumference/ hip circumference were entered as dependent 
variables and parental/ environmental factors as independent variables. 
Physical activity data were collected at the age of nine months. We assume that the hours of free 
movement of the infant at nine months are strongly associated with the hours of free movement at 
the age of six months. This assumption could not be made for the first half year of life. Therefore, the 
associations between physical activity and growth during the first half of life was not examined. The 
same problem was faced for television viewing. 





performed using SPSS version 14.0 (SPSS , Chicago IL, USA). 
RESULTS 
Recruitment took place through obstetricians, midwives and general practitioners, supported by 
a media campaign. 16 During the recruitment period a total of 4778 infants were born. Of these 
parents 363 1 (76.0%) wanted to be informed about the study. Finally, a total of 2997 (62.7%) 
children participated in this cohort study. Few parents stopped participating when the child was 
born. Of 2733 (57.2 %) children anthropometric data were collected during the first year of life. 
The number of parents who participated with twins was 22. Based on the small group of twins, no 
conclusions could be drawn. For this reason, twins were excluded from further analyses. Moreover, 
1 1 6 children had one or two parents with non-Dutch ethnicity. Table 1 presents the clinical data of 
the participants and table 2 the anthropometric data. 
Table 1 :  Clinical data of the participants 
Total population (n) 
Female gender [%] 
Non-Dutch ethnicity [%] 
Maternal diabetes [%] 
Maternal smoking during pregnancy [%] 
Maternal BMI (kg/m2) 
(Mean ± SD) 
Paternal BMI (kg/m2) 
(Mean ± SD) 
Breastfeeding at the age of 3 months [%] 
Complementary feeding at the age of 4 months [%] 
Hours of sleep per day (Mean ± SD) 
Television viewing in presence of the child [%] 
Hours of television viewing per day (Mean ± SD) 






24.7 ± 4.7 
25.5 ± 3.4 
33.1 
36.1 
1 4.9 ± 2.9 
87.4 
1 .5 ± 1 .2 
4.7 ± 2.3 
The results of the multiple linear regression models with weight /length/ waist circumference and 
hip circumference Z-score gain as dependent variable are presented in table 3 to 6. Models were 
adjusted for birth weight, since birth weight was, based on our data, related to growth during the 
first year of life. Children with low birth weight tend to grow faster during the first year of life, than 
children with high birth weight. For all variables, the strongest association between birth weight 
and infant growth was observed during the first half year of life. However, there was still a significant 
association between birth weight and growth during the first year of life. 
Maternal BMI predicted gain in weight and length during the second half year of life and gain in 
waist circumference during the first half year and first year of life. Children with a mother with a high 
pre-pregnant BMI gained more than children with a mother with a low pre-pregnant BMI. 
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Table 2: Anthropometric data of the participants 
Birth 6 weeks 26 weeks 48 weeks 
Boys-weight: Mean (SD) 3610 (545) gram 4888 (593) gram 8058 (825) gram 9930 (1035) gram 
Girls-weight: Mean (SD) 3483 (524) gram 4594 (541) gram 7566 (784) gram 9286 (984) gram 
Boys-length: Mean (SD) 56.0 (2.2) cm 68.6 (2.3) cm 75.4 (2.5) cm 
Girls-length: Mean (SD) 55.0 (2. 1) cm 66.9 (2.2) cm 73.8 (2.4) cm 
Boys-waist circumference: 
Mean (SD) 37.3 (2.7) cm 42.5 (2.9) cm 44.2 (3. 1) cm 
Girls-waist circumference: 
Mean (SD) 36.9 (2.6) cm 41 .6 (2.8) cm 43.2 (3.0) cm 
Boys-hip circumference: 
Mean (SD) 34.6 (2.5) cm 42.5 (3.2) cm 45.6 (3.5) cm 
Girls-hip circumference: 
Mean (SD) 34.2 (2.4) cm 42.3 (3.3) cm 45.3 (3.4) cm 
Paternal BMI was an independent predictor for waist circumference during the second half year 
of life. Children with a father with high BMI gained more than children of fathers with a lower BMI. 
Maternal smoking during pregnancy predicted weight gain during the first half year of life. Children 
of mothers who smoked during pregnancy gained more during this period. 
Maternal diabetes predicted gain in waist circumference during the first half year and fi rst year of 
life. Children with a mother with diabetes gained more in waist circumference than children with a 
non-diabetic mother. 
Breastfeeding at the age of three months was an independent predictor of growth during the first 
year of life. Children who were breast-fed till the age of four months gained less weight, length, 
waist circumference and hip circumference during the first half year. Breast-fed children till the age 
of four months gained more in waist circumference during the second half year of life. The effect 
of the first half year was stronger than the second half year of life since breast-fed children gained 
significantly less in waist circumference during the whole first year. Moreover, breast-fed children 
till the age of four months gained less in weight, length, and hip circumference during the first year 
of life. 
The amount of sleep at four months predicted weight gain during the second half year of life. 






T a b l e  3 :  W e i g h t  Z - s c o r e s  g a i n  a n d  e n v i r o n m e n t a l  a n d  p a r e n t a l  f a c t o r s :  r e s u l t s  o f  m u l t i p l e  r e g r e s s i o n  
1 - 6  m o n t h s  6 - 1 1  m o n t h s  
m u l t i v a r i a t e  m u l t i v a r i a t e  
R e g r . c o e f  S E  p - v a l u e  R e g r . c o e f  S E  p - v a l u e  
I n t e r c e p t  2 . 1 5 2  0 . 3 1 1  < 0 . 0 0 1  0 . 0 3 5  0 . 4 0 1  0 . 9 3 0  
E t h n i c i t y  - 0 . 1 2 8  0 . 1 4 6  0 . 3 8 0  - 0 . 1 7 6  0 . 2 0 0  0 . 3 7 9  
D i a b e t e s  m o t h e r  0 . 0 0 3  0 . 1 6 1  0 . 9 8 5  - 0 . 0 6 0  0 . 1 9 9  0 . 7 6 4  
S m o k i n g  d u r i n g  p r e g n a n c y  0 . 1 9 9  0 . 0 7 5  0 . 0 0 8  0 . Q 7 5  0 . 1 0 1  0 . 4 6 0  
B M I  m o t h e r  < 0 . 0 0 1  0 . 0 0 6  0 . 9 5 5  0 . 0 1 9  0 . 0 0 7  0 . 0 0 7  
B M I  f a t h e r  0 . 0 0 9  0 . 0 0 8  0 . 2 4 2  0 . 0 1 3  0 . 0 1 1  0 . 2 0 4  
B r e a s t f e e d i n g  3  m o n t h s  - 0 . 5 8 4  0 . 0 5 7  < 0 . 0 0 1  0 . 1 1 6  0 . 0 7 1  0 . 1 0 3  
C o m p l e m e n t a r y  f e e d i n g  0 . 0 8 2  0 . 0 5 7  0 . 1 5 5  0 . 0 3 2  0 . 0 7 3  0 . 6 6 2  
S l e e p  0 . 0 0 7  0 . 0 0 9  
0 . 4 1 6  - 0 . 0 3 4  0 . 0 1 2  0 . 0 0 5  
Te l e v i s i o n  v i e w i n g  - 0 . 0 4 1  0 . 0 2 8  0 . 1 4 2  
P h y s i c a l  a c t i v i t y  - 0 . 0 1 3  0 . 0 1 4  0 . 3 6 7  
E x p l a i n e d  v a r i a n c e = 3 2 . 5 %  E x p l a i n e d  v a r i a n c e = 7 . 4 %  
A l l  m o d e l s  w e r e  a d j u s t e d  f o r  b i r t h  w e i g h t  
T a b l e  4 :  L e n g t h  Z - s c o r e s  g a i n  a n d  e n v i r o n m e n t a l  a n d  p a r e n t a l  f a c t o r s :  r e s u l t s  o f  m u l t i p l e  r e g r e s s i o n  
1 - 6  m o n t h s  6 - 1 1  m o n t h s  
m u l t i v a r i a t e  m u l t i v a r i a t e  
R e g r . c o e f  S E  p - v a l u e  R e g r . c o e f  S E  p - v a l u e  
I n t e r c e p t  
1 . 6 5 5  0 . 2 8 8  < 0 . 0 0 1  - 0 . 1 9 4  0 . 3 4 8  0 . 5 7 6  
E t h n i c i t y  < 0 . 0 0 1  0 . 1 3 2  
1 . 0 0 0  - 0 . 1 0 7  0 . 1 6 3  0 . 5 1 0  
D i a b e t e s  m o t h e r  0 . 1 6 7  0 . 1 5 2  
0 . 2 7 2  - 0 . 0 1 3  0 . 1 7 1  0 . 9 3 9  
S m o k i n g  d u r i n g  p r e g n a n c y  0 . 0 8 1  0 . 0 7 0  0 . 2 4 2  0 . 1 7 0  0 . 0 8 7  
0 . 0 5 3  
B M I  m o t h e r  
- 0 . 0 0 3  0 . 0 0 5  0 . 5 5 3  0 . 0 1 9  0 . 0 0 6  
0 . 0 0 2  
B M I  f a t h e r  
0 . 0 0 7  0 . 0 0 7  0 . 3 3 0  0 . 0 1 1  0 . 0 0 9  
0 . 2 1 2  
B r e a s t f e e d i n g  3  m o n t h s  
- 0 . 4 0 5  0 . 0 5 4  < 0 . 0 0 1  0 . 0 9 3  0 . 0 6 2  
0 . 1 3 1  
C o m p l e m e n t a r y  f e e d i n g  0 . 0 5 9  0 . 0 5 3  0 . 2 7 2  0 . 0 7 7  0 . 0 6 4  
0 . 2 2 7  
S l e e p  
< 0 . 0 0 1  0 . 0 0 8  0 . 9 5 6  - 0 . 0 0 8  0 . 0 1 1  
0 . 4 8 6  
T e l e v i s i o n  v i e w i n g  0 . 0 2 2  0 . 0 2 4  
0 . 3 5 7  
P h y s i c a l  a c t i v i t y  - 0 . 0 0 6  0 . 0 1 2  
0 . 6 3 0  
E x p l a i n e d  v a r i a n c e = 2 1 . 8 %  E x p l a i n e d  v a r i a n c e = 9 . 7 %  
A l l  m o d e l s  w e r e  a d j u s t e d  fo r  b i r t h  w e i g h t  
1 - 1 1  m o n t h s  
m u l t i v a r i a t e  
R e g r . c o e f  S E  
p - v a l u e  
2 . 5 3 7  0 . 4 7 1  
< 0 . 0 0 1  
- 0 . 1 3 3  0 . 2 0 5  
0 . 5 1 6  
- 0 . 0 7 9  0 . 2 7 3  
0 . 7 7 3  
0 . 0 7 9  0 . 1 1 7  
0 . 4 9 7  
0 . 0 1 3  0 . 0 0 9  
0 . 1 4 3  
0 . 0 0 8  0 . 0 1 2  
0 . 4 8 8  
- 0 . 5 7 2  0 . 0 9 0  < 0 . 0 0 1  
0 . 1 0 9  0 . 0 9 0  
0 . 2 2 9  
- 0 . 0 2 1  0 . 0 1 4  
0 . 1 3 3  
E x p l a i n e d  v a r i a n c e = 2 5 . 3 %  
1 - 1 1  m o n t h s  
m u l t i v a r i a t e  
R e g r . c o e f  S E  
p - v a l u e  
1 . 4 9 4  
0 . 4 1 4  < 0 . 0 0 1  
- 0 . 0 0 8  
0 . 1 7 9  0 . 9 6 4  
0 . 0 6 6  0 . 2 4 9  
0 . 7 9 0  
0 . 1 3 7  0 . 1 0 3  
0 . 1 8 4  
0 . 0 0 2  0 . 0 0 8  
0 . 7 6 1  
0 . 0 1 9  0 . 0 1 1  
0 . 0 7 2  
- 0 . 4 2 7  0 . 0 8 0  
< 0 . 0 0 1  
0 . 0 8 2  0 . 0 8 0  
0 . 3 0 2  
- 0 . 0 0 7  0 . 0 1 2  
0 . 5 8 0  





Table S: Waist circumference Z-scores gain and environmental and parental factors: results of multiple regression 
1 -6 months 6-1 1 months 
multivariate multivariate 
Regr.coef SE p-va lue Regr.coef SE p-value 
Intercept 1 .087 0.398 0.006 -0.985 0.522 0.060 
Ethnicity -0.1 75 0.1 83 0.337 0.1 48 0.246 0.547 
Diabetes mother 0.440 0.205 0.032 0.1 35 0.273 0.621 
Smoking during pregnancy 0.047 0.096 0.626 0.222 0.1 32 0.094 
BMI mother 0.019  0.007 0.010 0.01 2 0.009 0.1 70 
BMI father -0.005 0.01 0 0.641 0.032 0,014  0.022 
Breastfeeding 3 months -0.426 0.074 <0.001 0.195 0.092 0.035 
Complementary feeding 0.1 24 0.073 0.090 -0.0 1 5  0.096 0.873 
Sleep 0.007 0.0 1 2  0.535 -0.002 0.01 6 0.895 
Television viewing -0.052 0.036 0.1 54 
Physical activity -0.043 0.018 0.022 
Explained variance=14.3% Explained variance"'6.8% 
All models were adjusted for birth weight 
Table 6: Hip circumference Z-scores gain and environmental and parental factors: results of multiple regression 
1 -6 months 6-1 1 months 
multivariate multivariate 
Regr.coef SE p-va lue Regr.coef SE p-va lue 
Intercept 2.485 0.408 <0.001 -0.308 0.532 0.562 
Ethnicity 0.002 0.1 86 0.992 -0.444 0.251 0.Q78 
Diabetes mother 0.1 85 0.209 0.376 -0.246 0.278 0.378 
Smoking during pregnancy 0.069 0.099 0.487 0.227 0.1 35 0.093 
BMI mother -0.007 0.007 0.3 1 8  0.0 1 6  0.009 0.074 
BMI father 0.009 0.01 0 0.356 0.002 0.01 4 0.903 
Breastfeeding 3 months -0.494 0.076 <0.001 -0.045 0.095 0.637 
Complementary feeding -0.041 0.075 0.585 0.058 0.098 0.556 
Sleep 0.001 0.01 2 0.939 -0.01 0 0.01 6 0.525 
Television viewing -0.0 14  0.037 0.702 
Physical activity -0.025 0.01 9 0.1 95 
Explained variance=l 9.2% 
All models were adjusted for birth weight 
Explained variance=4.8% 
II 
1 -1 1  months 
multivariate 
Regr.coef SE p-value 
1 .71 3 0.552 0.002 
-0.21 7 0.237 0.361 
0.666 0.330 0.044 
-0.058 0.1 37 0.673 
0.031 0.010 0.002 
-0.0, 3 0.0 14  0.372 
-0.305 0.1 05 0.004 
0.086 0. 1 05 0.41 4 
-0.005 0.0 1 6  0.729 
Explained variance=l 2.1 % 
1 -1 1  months 
multivariate 
Regr.coef SE p-va lue 
2.1 59 0.527 <0.001 
-0.1 06 0.225 0.638 
0.055 0.3 1 4  0.861 
0.005 0.1 32 0.973 
0.009 0.01 0 0.370 
0.01 9 0.0 14  0.1 67 
-0.667 0.1 01 <0.001 
-0.032 0.1 00 0.749 


























Physical activity was an independent predictor for gain in waist circumference during the second 
half year of life. Nine-month-old infants who had a lot of opportunities of free movements gained 
less in waist circumference during this period. 
The same analyses were carried out with breastfeeding at the age of four months and six months 
as independent variable instead of breastfeeding at the age of three months. Similar results were 
found, however the explained variances of the regression models were highest when the variable 
breastfeeding at the age of three months was included in the regression models. For example, the 
regression model of weight gain during the first half year of life with the independent variable 
breastfeeding at the age of three months explained 32.5% compared to 27.9% and 23.4% for the 
models with the variables breastfeeding at the age of four and six months. 
To test for mutual association between the independent variables, backward multiple linear 
regression analyses were performed. These analyses showed similar results. 
DISCUSSION 
A number of parental and environmental factors influence the gain in weight, length, waist 
circumference and hip circumference during the first year of life. 
The variables, smoking during pregnancy, maternal diabetes, breastfeeding at the age of three 
months, especially influence growth patterns during the first half year of life, whereas parental 
BMI , amount of sleep and physical activity mainly influence the second half year of life. Since rapid 
infant weight gain is an independent risk factor for the development of childhood obesity,1 0,1 1  these 
variables are of interest for the prevention of childhood obesity. 
The strength of this study is the study population , which is a homogeneous group and a 
representative sample of the Dutch population. Longitudinal measurements are obtained within a 
short period of April 2006 till April 2008. These longitudinal data give the opportunity to investigate 
weight gain and gain in length, waist circumference and hip circumference in different periods in 
the first year of life. Moreover, our prospective birth cohort study has been specifically designed 
to answer questions focused on childhood growth. Compared with other cohort studies, more 
detailed data (like detailed information about feeding, hours of sleep, physical activity, parental BMI) 
were collected. This makes the results of this study more accurate compared to most other studies 
which focus on specific causality of a variable and an outcome.1 8•20 
A potential limitation is that data were collected by different observers. Sixty-one Well Baby Clinics 
are cooperating, which can result in inter-observer variations. To reduce this inter-observer variation, 
protocols have been set up to describe anthropometric measurements in detail, and training 
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sessions have been given to all staff. We believe our data are reliable data. 
Different studies found that breastfeeding may be associated with a reduced risk of obesity.14•21 The 
WHO recommends to give exclusive breastfeeding up to 6 months of age.22 Little is known about 
the effect of exclusive breastfeeding on growth in infancy. 1 9The predictive value of breastfeeding for 
weight gain during the first years of life has been described before. 1 9•23 Infants who were exclusively 
breast-fed for less than 2 months gained more weight from 2 to 6 months than infants exclusively 
breast-fed for 3-4 months.20 With our data we showed that infants, who were breast-fed till the age 
of four months gained less weight, length, waist circumference and hip circumference during the 
first half year of life compared with formula-fed babies. 
Weight gain from 6-1 2  months was found to be greater among infants exclusively breast-fed for 
less than 2 months compared with those exclusively breast-fed for more than 5 months.19 Our data 
show that formula-fed do not gain more during the second half year of life compared with breast­
fed children till the age of four months. 
In literature, when comparing growth between breast-fed and formula-fed children ,  contradictory 
results are presented.19•24"26 These differences are probably caused by the different breastfeeding 
periods and the different periods of growth taken in the different studies. That formula-fed 
children gain more weight during the first year of life is rather consistent.19•25•26 To our knowledge, 
our conclusion that infants who are breast-fed till the age of four months gain more in waist 
circumference during the second half year of life compared with formula-fed children has not been 
drawn in the literature before. As described before, the effect of the first half year is stronger than 
the second half year of life since breast-fed children gain significantly less in waist circumference 
during the whole first year. 
We should notice that we did not examine exclusive breastfeeding as in the study of Gunnarsdottir 
et al. 19 In our cohort, the infant might received solid feeding or porridge next to breast milk, since 
complementary feeding was a separate variable of interest. The milk given however was exclusively 
breast milk. 
The explained variance of the multivariate models decreased when adding breastfeeding at the 
age of four or six months. A plausible explanation for this decrease in explained variance might be 
that after the age of three months, various other factors, like complementary feeding and physical 
activity, are also influencing infant growth. We want to emphasize that, based on our data, the 
conclusion may not be drawn that mothers who give breastfeeding should stop giving their babies 
breast milk after three months. What we found is that breastfeeding at the age of three months is 
stronger associated with weight gain ,  gain in length, waist circumference and hip circumference 





The time of introduction of solid food is associated with the risk of developing obesity. Delay of 
introduction should be considered as potential for preventing early childhood overweight.27 Griffiths 
et al. described that early introduction of solids was not associated with faster weight gain at three 
years.28 We showed that introduction of solids before the age of five months was not associated with 
weight gain during the first year of life. 
Children of mother's with (gestational) diabetes have an increased risk for obesity later in life.14 The 
increased risk for developing obesity for maternal diabetes might be caused by the phenomenon 
programming. Maternal diabetes is known to be an independent and positive predictor for birth 
weight and placenta weight. (L'Abee C et al, Effects of characteristics of the father and mother on 
placental weight and birth weight of the offspring, submitted). Children of women with gestational 
diabetes have an almost four times higher risk of delivering a large for gestational age infant.29 Our 
data show that the variable maternal diabetes was not associated with weight gain during the first 
year of life. This might suggest that the children of mothers with gestational diabetes, with a high 
risk of high birth weight, do not gain more in weight but even more interesting do not gain less 
during the first year of life compared with children of non-diabetes mothers. Our study shows that 
children with mothers with (gestational) diabetes do gain more in waist circumference during the 
first half year and first year of life. Waist circumference is an indirect measure for truncal fat, which 
is associated with cardiometabolic risk.30 This is in line with recent literature, which described the 
positive association of gestational diabetes and glycosuria with waist circumference at the age of 
9-11 years.31 
Smoking during pregnancy has been described before to be a risk factor for the development of 
overweight and adiposity in later life.21 •32 This risk is probably caused by two factors. Firstly, smoking 
during pregnancy is related with reduction in birth weight (33, L'Abee C et al, Effects of characteristics 
of the father and the mother on placental weight and birth weight of the offspring, submitted) and 
a low birth weight is a risk for developing overweight and obesity in later life. Secondly, another risk 
for developing overweight and obesity is rapid growth during the first years of life.1 1 In this study, 
we focused on growth during the first year of life. Our data confirm rapid infant growth in children 
of mothers who smoked during pregnancy. These children gain more in weight during the first half 
year of life compared with children of non-smoking mothers. 
Parental, in particularly maternal, overweight21 is a risk factor for developing overweight and obesity 
in childhood.22•27 Infants of mothers with a high pre-pregnant BMI gain more in waist circumference 
during the first half year and first year of life and gain more in weight and length during the second 
half year of life. This might be caused by the fact that mothers with high BMI are more focussed on 
feeding and give their babies more food as a reflection of their own eating pattern which might 
suppress the child's innate regulation of dietary intake.34 That children with fathers with a high BMI 
gain more waist circumference during the second half year of life is probably caused by the paternal 
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reflection of his own eating pattern on the child. More research is needed to investigate why the 
maternal BMI influences weight, height and waist circumference as the paternal BMI only influences 
waist circumference. 
Children, who sleep less have an increased risk for the development of obesity. 14•1 8•35 Our results 
show that the children who sleep less gain more weight during the second half year of life. A 
plausible explanation could be that the children who sleep less are tired during the day and are less 
active. However, the association between physical activity and weight gain during the first year of 
life was not found in our study. The explanation for this association between amount of sleep and 
the increased risk for developing obesity is yet unclear and should be unravelled. 
The level of physical activity is associated with fatness in young children22, however not with 
BMl.20 We found that less physical activity causes more gain in truncal fat, as indicated by waist 
circumference36•37 during the second half year of life. 
A positive correlation exists between hours of television viewing and overweight, which is stronger 
with increasing age. 14•22•27 The hours of television viewing in presence of the child at the age of six 
months was not associated with gain in weight or waist circumference during the second half year 
of life. However, we could not investigate the exact amount of hours of television viewing of the 
child, since parents did not know when the child was or was not watching television. Therefore, we 
examined the hours of television viewing in presence of the child. 
In the future, obesity prevention programs should focus on making parents aware of the positive 
effect of breastfeeding their baby, especially the first three months of life. 
Moreover, the infant formula industry should reconsider the instruction on the formula milk powder 
box, since the instructions given are based on the maximum dose instead of the minimal dose. More 
research in the infant formula industry is needed to imitate the composition of breast milk even 
better. Koletzko suggests that the protection of breast feeding against later obesity is partly caused 
by the lower protein supply with breast milk relative to standard infant formula.23 
The other variables associated with increased growth in the first year of life, like smoking during 
pregnancy, less physical activity, less amount of sleep, maternal diabetes, and high paternal and 
pre-pregnant maternal BMI should also be taken into account. The next step is to implement these 
factors in obstetric and prenatal care to prevent high weight gain during the first year of life. 
To conclude, stimulating breastfeeding, physical activity, amount of sleep and parental weight loss 
before becoming pregnant, and preventing maternal diabetes and smoking during pregnancy are 
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Background: Previous studies have suggested an association between infant temperament and 
weight gain during the first year of life. 
Objectives: The aim of this study was to examine the influence of infant temperament on infant 
gains in weight and adiposity, and energy intake at age 12 months. 
Design Within the prospective Cambridge Baby Growth study, mothers of infants born between 
January 2006 and February 2007 were asked to complete the Revised Infant Behavior Questionnaire 
at age 3 months. The three major dimensions of infant temperament (surgency/extraversion; negative 
affectivity; and orienting/regulation) and their subscales were related to changes in infant weight, 
BMI and skinfolds SD scores (SDS) between birth to age 3 months and between 3 to 12 months, and 
to the infants' energy intakes at age 1 2  months. 
Results: Early infant weight gain (between O to 3 months) was positively associated with surgency/ 
extroversion (0.23 ± 0. 1 1  SDS/unit, p=0.04), and especially its high pleasure (0.23 ± 0.09, p=0.006) 
and vocal reactivity (0.17 ± 0.08, p=0.03) subscales. Greater increases in adiposity between 3 to 12 
months was observed among infants with higher scores in negative affectivity (0.23 ± 0. 1 1 SDS/unit, 
p=0.03), especially its sadness subscale (0.15 ± 0.07, p=0.03), and lower scores in orienting/regulation 
(-0.26 ± 0.12, p=0.03), and especially its soothability subscale (-0.23 ± 0. 1 0, p=0.02). Higher energy 
intake at 1 2  months was associated with higher surgency/extraversion (0.26 ± 0. 1 0  MJ/unit, p=0.01 )  
and orienting/regulation scores (0.33 ± 0.15, p=0.03) at age 3 months. 
Conclusion: All three major dimensions of infant temperament showed at least some association 
with gains infant weight and adiposity. Differences in infant temperament may be risk markers for 
childhood overweight and obesity. 
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INTRODUCTION 
Failure to thrive, or poor weight gain during infancy, is associated with developmental, dietary and 
behavioural problemsY Undernourished children have an impaired immune system and increased 
predisposition to infections.3.4 Conversely, rapid weight gain during the first year of life is a risk factor 
for subsequent obesity.5•6 Childhood obesity and overweight are widespread, with worldwide rapid 
increases in their prevalences.7 Parents of children at risk for gaining weight rapidly need to learn 
coping strategies to reduce infant weight gain and later obesity risk.5•6 
In developed settings, promotion of breast milk feeding may help to avoid high rates of infant 
weight gain.8•10 However interventions to change feeding practise need to understand the 
complex determinants of such behaviours. Infant temperament is defined as individual differences 
in emotional, motor, and attentional "reactivity': and also the processes that modulate such 
responses.1 1 •14 Temperament is considered to be a constitutional or innate trait, but it is also 
potentially modifiable in pregnancy or early in infancy. 1 5•16 
Few studies have described the influence of infant temperament, measured during the first months 
of life, on infant weight gain. 1 1·20 Moreover, these previous studies found contradictory results. Farrow 
et al. found no correlation between infant temperament and infant weight gain.19  Other studies 
have reported associations between infant temperament and weight gain, however for different 
dimensions of temperament. 1 7•1 8•20 We aimed to investigate the association between temperament, 
as assessed at the age of three months, and rate of gains in weight and adiposity during the first year 
of life. We also explored its association with infant energy intakes at age 1 2  months. 
M ETHODS 
Study design 
The current study is part of a large ongoing birth cohort study examining the prenatal and postnatal 
determinants of infancy weight gain and adiposity. Inclusion criteria were mothers attending 
a single antenatal centre in Cambridge UK. Exclusion criteria were mothers aged < 1 6  years, or 
unable to give informed consent. Mothers were approached and recruited at their first antenatal 
clinic appointment during early pregnancy by trained paediatric research nurses. Offspring were 
followed up during infancy. Weight, length, and skinfold thicknesses were measured at 0, 3 ,  1 2  and 
1 8  months by the research nurses. 
At the time of the current analysis, the cohort included 1 526 infants born between August 2001 and 
July 2008. The current dataset was based on a sub-cohort of 1 54 infants. The participants of this sub­
cohort were born between January 2006 and February 2007. Information on infant temperament at 
age 3 months was obtained. Analyses of infant weight gain and adiposity were performed in a subset 
of 1 30 infants with full information on infant anthropometry at birth, 3 and 1 2  months, mother's 





sample was representative of the whole cohort with regard to birth weight, mother's BMI, mother's 
age and infant feeding mode at age 3 months (all p>0.2). Analyses with infant energy intake at 12 
months were performed in a smaller subset of 111 infants. 
The study was approved by the local Cambridgeshire research ethics committee and all mothers 
gave informed written consent. 
Infant temperament 
Maternal reports of infant temperament, using the Revised Infant Behavior Questionnaire21 were 
obtained at the infant's age of three months. This measure provides information on 3 major 
dimensions of infant temperament (surgency/extraversion; negative affectivity and orienting/ 
regulation), which are directly calculated from 14 subscales (see Appendix 1 for details).21 Each 
temperament subscale ranged in score from 1 to 7. High scores for surgency/extraversion are 
indicative of infants with positive emotionality, or greater willingness to pursue rewards. Children 
with a good ability to regulate their own emotions have high scores for orienting. Low scores of 
negative affectivity are found in emotional stable infants. In our cohort, temperament being assessed 
at three months of age, Cronbachs alpha's ranged from 0.71 to 0.91 for subscales, and was 0.81 for 
surgency/ extroversion, 0.70 for negative affectivity and 0.61 for orienting/regulation scores. 
Anthropometry 
Infant weight, length and skinfolds were measured at birth and at each research clinic visit by 
trained paediatric research nurses. Weight was measured to the nearest 1 g using electronic scales. 
Supine length was measured to the nearest 0.1 cm using a Kiddimeter (Hotlain Ltd, Crosswell, 
Pembs., UK.). Skinfold thickness was measured in triplicate at four sites (triceps, subscapular, flank 
and quadriceps) using a Holtain Tanner/Whitehouse Skinfold Caliper (Holtain Ltd). 
Calculations 
BMI was calculated as weight / height2 (kg/m2).  According to the UK 1990 growth reference data, 
age and sex-appropriate standard deviation scores (SOS) for weight, height and BMI at each visit 
were calculated, including adjustment for precise age at each visit. Measurements of skinfolds at 
each anatomical site were used to derive separate internal SOS, adjusted for age and gender, and 
an overall skinfold SOS was calculated as the mean SOS of the 4 sites as an indicator of adiposity. 
Dietary assessments 
At the 3 months clinic visit, mode of infant feeding (breastfed, formula fed or mixed) was self­
reported by the parents. 
At the 12 months clinic visit, a 3-day dietary record, sent out by mail prior to this visit, was collected 
from mothers. Mothers were interviewed by one Research Assistant to clarify responses and portion 
sizes. Food diaries were data entered and coded at the MRC Human Nutrition Research Centre (HNR) 
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by trained Dietary Assessment Assistants, with assistance from nutritionally qualified editors. HNR 
has a large and up to date food database in terms of  current commercial infant products as well as 
portion sizes. Foods that were not on the database were matched to existing foods with a similar 
composition; in some cases, new food codes were created if the food was commonly consumed or 
contributed significantly to a respondent's intake. In this case, a nutrient record for that food item 
was created, often including micronutrients that were not listed on food packaging. Foods were 
converted to energy intake data using in-house software DINO (Data In Nutrients Out). 
Statistics 
Associations between infant temperament and weight gain, or adiposity, were tested by linear 
regressions with weight SOS, BMI SOS or mean skinfold SOS, as the dependant variable. Gains in 
weight, BMI or adiposity up to ages 3 or 1 2  months were analysed by addition of their respective 
baseline values to the models. Models were further adjusted for age at measurement, age at 
temperament assessment; sex and mode of feeding at three months.22-25 Maternal pre-pregnancy 
BMI was not related to infant growth and it was therefore not included as a covariate. 
P values <0.05 were considered to indicate statistical significance. All statistical analyses were 
performed using SAS version 9.1 (SAS Institute Inc., Cary, NC, USA). 
RESULTS 
In total, 68 boys and 62 girls, with data on temperament at age three months, were included in 
these analyses. The mean age of the children, when the Revised Infant Behavior Questionnaire was 
completed was 1 3.7 weeks (SD 1 .6). The mean maternal age was 32.7 years (SD 4.1 )  and the mean 
gestation duration was 40.0 weeks (SD 1 .4). Temperament scores are summarised according to 
gender in Table 1. 
Early infant growth (birth to 3 months) 
Early infant weight gain (Table 2), was positively associated with the surgency/extraversion 
dimension at age 3 months (p=0.04) , and in particular with its high pleasure (p=0.006) and vocal 
reactivity (p=0.03) subscales. The high pleasure subscale was also positively associated with changes 
in BMI (p=0.03) and skinfolds (p=0.02) during this period. Early infant weight gain was not associated 
with the negative affectivity or the orienting/regulation dimensions of infant temperament. 
Later infant growth (3 to 12 months) 
Different infant temperament associations were observed with later infant growth ,  estimated by 
changes in weight, BMI or skinfolds between ages 3 to 1 2  months of age (Table 3). Weight gain 
between ages 3 to 1 2  months was not related to infant temperament at age 3 months. However, 
greater increases in BMI and skinfolds between 3 to 1 2  months were observed among infants with 




Table 1 .  Infant temperament scores at age 3 months [mean (SD], according to gender 
Boys Girls 
N 68 62 
Su rgency/Extraversion 4.2 (0.9) 3.9 (0.7) 
Activity level 3.8 (0.9) 3.8 (0.7) 
Smiling and Laughter 4.5 (1.1) 4.3 (1.0) 
High Pleasure 5.4 (0.9) 4.8 (1.0) 
Perceptual sensitivity 3.4 (1.4) 3.2 (1.2) 
Approach 3.9 (1.5) 3.6 (1.4) 
Vocal reactivity 4.1 (1.1) 3.8 (1.0) 
Negative affectivity 2.9 (0.6) 2.9 (0.7) 
Distress to limitation 3.2 (0.8) 3.2 (0.9) 
Fear 2.0 (0.6) 2.0 (0.7) 
Falling reactivity 5.2 (0.8) 5.2 (0.9) 
Sadness 3.4 (1.0) 3.5 (1.0) 
Orienting/Regulation 5.0 (0.6) 5.0 (0.6) 
Duration of orienting 3.9 (1.0) 4.2 (1.1) 
Low Pleasure 5.2 (0.9) 5.1 (0.8) 
Soothability 5.0 (0.8) 4.9 (0.6) 
Cuddliness 5.8 (0.7) 5.9 (0.5) 
Temperament dimensions are shown in bold; subscales of each dimension are shown in italics 
Table 2. Infant temperament at age 3 months associated with early infant growth (between 0-3 months) 
Weight at 3mo (SDS) BMI at 3mo (SDS) 1Skinfolds at 3mo (SDS) 
� ± SE p � ± SE p � ± SE p 
Surgency/Extraversion 0.23 ± 0.1 1 0.04 0.1 7 ± 0.12  0. 1 0.14 ± 0.1 0 0.2 
Activity level -0.03 ± 0.10 0.8 -0.05 ± 0.12 0.7 -0.05 ± 0.10 0.6 
Smiling and Laughter 0.14 ± 0.08 0.08 0.14 ± 0.09 0. 1 0.10 ± 0.07 0. 1 
High Pleasure 0.24 ± 0.09 0.006 0.20 ± 0.09 0.03 0.18 ± 0.08 0.02 
Perceptual sensitivity 0.07 ± 0.06 0.3 0.06 ± 0.07 0.4 0.06 ± 0.06 0.3 
Approach 0.08 ± 0.06 0.2 0.02 ± 0.07 0.7 0.00 ± 0.06 0.9 
Vocal reactivity 0.17 ± 0.08 0.03 0.15 ± 0.08 0.08 0.12 ± 0.07 0. 1 
Negative affectivity 0.09 ± 0.1 3 0.5 0.1 5 ± 0.14 0.3 0.1 3  ± 0.1 2 0.3 
■ Distress to limitation 0.00 ± 0.10 1.0 0.06 ± 0.11 0.6 0.02 ± 0.09 0.8 Fear 0.03 ± 0.12 0.8 -0.03 ± 0.13 0.8 0.11 ± 0.11 0.3 Falling reactivity -0.08 ± 0.10 0.4 -0.15 ± 0.10 0.2 -0.04 ± 0.09 0.7 
Sadness 0.07 ± 0.08 0.4 0.10 ± 0.09 0.3 0.10 ± 0.07 0.2 
Orienting/Regulation 0.06 ± 0.1 5  0.7 0.04 ± 0.16 0.8 0.20 ± 0.1 3  0. 1 
Duration of orienting 0.09 ± 0.08 0.2 0.11 ± 0.08 0.2 0.04 ± 0.07 0.5 
Low Pleasure 0.15 ± 0.10 0. 1 0.09 ± 0.10 0.4 0.18 ± 0.09 0.04 
Soothability -0.12 ± 0.12 0.3 -0.16 ± 0.13 0.2 0.16 ± 0.10 0. 1 
Cuddliness -0.21 ± 0.14 0. 1 -0.17 ± 0.15 0.2 -0.01 ± 0.12 0.9 
Linear regressions adjusted for sex, age, mode of feeding at age 3 months, and also infant weight, BMI or 
skinfolds thicknesses, respectively at birth. 1Also adjusted for length at 3 months. Partial regression coefficients 
are displayed. The main temperament dimensions are shown in bold and their subscales shown in italics 
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Table 3. Infant temperament at age 3 months and later infant growth (3- 1 2  months) 
Weight at 1 2mo (SOS) BMI at 1 2mo (SDS) 1 Skinfolds at 1 2mo (SDS) 2Energy intake at 1 2mo (MJ) 
(3 ± SE p (3 ± SE p (3 ± SE p (3 ± SE p 
Surgency/Extraversion 0.1 0  ± 0.09 0.2 0.01 ± 0.1 0.9 -0. 10  ± 0.09 0.3 0.26 ± 0.1 0 0.01  
Activity level 0.05 ± 0.08 0.5 0.08 ± 0.1 0.4 -0.05 ± 0.09 0.6 0.03 ± 0.1 0 0.8 
Smiling and Laughter 0.03 ± 0.06 0.7 -0.03 ± 0.07 0.7 -0.07 ± 0.07 0.3 0.1 6 ± 0.08 0.04 
High Pleasure -0.02 ± 0.07 0.8 -0.08 ± 0.08 0.3 -0.07 ± 0.08 0.4 0.23 ± 0.08 0.007 
Perceptual sensitivity 0.08 ± 0.05 0. 1 0.07 ± 0.06 0.2 0.06 ± 0.06 0.3 0.1 3 ± 0.06 0.04 
Approach 0.06 ± 0.05 0.2 -0.0, ± 0.06 0.8 -0.08 ± 0.05 0. 1 0.1 3  ± 0.06 0.04 
Vocal reactivity 0.05 ± 0.06 0.4 0 ± 0.07 1.0 -0. 1 2  ± 0.06 0.07 0.1 2  ± 0.08 0. 1 
I 
Negative affectivity 0.1 4 ± 0.1 0 0.2 0.32 ± 0.1 2 0.008 0.23 ± 0.1 1  0.03 -0.06 ± 0.1 4  0.7 :, ... 
Distress to limitation 0.09 ± 0.08 0.3 0.23 ± 0.09 0.01 0.1 4 ± 0.08 0.08 0.03 ± 0.1 0 0.7 3 
Fear 0.07 ± 0.09 0.4 0.07 ± 0.1 1 0.5 0.04 ± 0.1  0.7 -0.04 ± 0.1 2  0.7 Ill 
Falling reactivity -0.07 ± 0.08 0.4 -0.1 9 ± 0.09 0.03 -0.1 2  ± 0.08 0. 1 0.05 ± 0.1 0 0.6 3 Ill 
Sadness 0.06 ± 0.06 0.4 0.1 5  ± 0.07 0.04 0.1 5 ± 0.07 0.03 -0.06 ± 0.08 0.5 Q 
� 
Orienting/Regulation -0.02 ± 0.1 1  0.9 -0.1 5 ± 0.1 3  0.2 -0.26 ± 0.1 2 0.03 0.33 ± 0.1 5 0.03 ia· 
Duration of orienting 0.01 ± 0.06 0.9 -0.01 ± 0.07 0.9 -0.09 ± 0.06 0. 1 0.05 ± 0.08 0.5 
Q 
Low Pleasure 0.03 ± 0.08 0.7 -0.07 ± 0.09 0.4 -0.1 ± 0.08 0.2 0.20 ± 0.09 0.03 s· s· 
Soothability -0.09 ± 0.09 0.3 -0.23 ± 0. 1  0.03 -0.23 ± 0.1 0.02 0.2 1 ± 0. 1 2  0.08 ;. 
Ill 
Cuddliness -0.02 ± 0.1 1 0.9 -0.05 ± 0. 1 2  0.7 -0.08 ± 0.1 1 0.5 0.20 ± 0. 1 3  0. 1 ... 
Linear regressions adjusted for sex, age, mode of feeding at age 3 months, and a lso infant weight, BMI or skinfold thicknesses, respectively at 3 months. 1Also adjusted for � 
length at 1 2  months. 2Also adjusted for breast/formula milk feeding at 3mo and 1 2mo. Partial regression coefficients are d isplayed. The main temperament dimensions are 
Q 
0 
..... shown in bold and their subscales shown in italics .... .... 




subscales, and lower scores in orienting/regulation, especially its soothability subscale. 
Energy intake at age 12 months 
Energy intake at age 1 2  months (Table 3), was positively associated with the surgency/extraversion 
dimension at age 3 months (p=0.01 ), and in particular with its smiling and laughter (p=0.04), high 
pleasure (p=0.007), perceptual sensitivity (p=0.02) and approach (p=0.02) subscales. Energy intake 
at age 12 months was also positively associated with the orienting/regulation dimension at age 3 
months (p=0.03), and in particular with its low pleasure (p=0.03) subscale. 
DISCUSSION 
Infants with higher scores in surgency/extraversion, which is an indicator of positive emotionality 
or willingness to pursue rewards, at age 3 months had greater weight gain between birth to age 3 
months, and also greater total energy intakes at age 12 months. In contrast, later infant gains in BMI 
and adiposity, between ages 3 to 12 months, were related to more difficult infant temperaments, as 
indicated by higher scores in negative affectivity and lower scores in orienting/regulation, as assessed 
at age 3 months. 
A few studies have reported on the potential influence of temperament on infant feeding and 
weight gain. Feeding problems have been associated with difficult infant temperament. 19•26 In a 
pilot inner-city survey, 1-year-old infants with non-organic failure to thrive were found to be more 
fussy, demanding, and unsociable.27 Another study in children with feeding disorders revealed that 
successful feeding sessions were predicted by mother-child touch, reduced maternal depression 
and intrusiveness, easy infant temperament, and less child withdrawal.28 However, both studies were 
cross-sectiona I. 
Associations between infant temperament and infant weight gain have been more variable. In a 
study of 99 infants, Farrow et al. found29 no correlation between infant temperament, assessed at 
6 months, and infant weight gain during early (birth to 6 months) or later infancy (6 to 1 2  months). 
Niegel et al.30 reported in 29,182 full term infants that the fussy/difficult temperament subscale of 
the Infant Characteristics Questionnaire was positively associated with rapid weight gain during the 
first 6 months of life in girls, but they concluded that the effect size was too small to be clinically 
relevant. However, other studies have reported similar associations between infant temperament 
and infant growth. Carey1 7  concluded that infants gaining the most weight between ages 6 to 
1 2  months had more difficult temperament ratings at age 6 months (especially negative mood). 
A possible explanation suggested in that study was that fussy infants were fed more to quieten 
them, however alternatively there may be biological links between an infant's temperament and 
their appetite or physical activity levels. Darlington 18 reported that various temperament domains 
influenced high as well as low weight gain during the first eight weeks of life; rapid weight gain was 
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positively related to distress to limitation and low weight gain was positively related to fear. Finally, 
Wells et al.20 examined the association between infant temperament at age 1 2  weeks and body 
composition at 2-3.5 years. They reported that distress to limitation predicted later fatness, whereas 
easily soothable infants had leaner childhood skinfold thicknesses, possibly because these infants 
were more active rather than due to increased intakes. 
Our findings, specifically the associations between soothability and skinfolds, and between distress 
to limitation and BMI, are confirmatory of the results in the initial study by Wells et al. based on 30 
infants (20). Furthermore, our associations with the broader dimensions of temperament, which 
these specific subscales contribute to, testify to the validity of these associations as the subscales 
within each broad dimension should show internal consistency.21 Our findings that higher scores 
in negative affectivity and lower scores in orienting/regulation predicted greater gains in BMI and 
skinfolds are also more broadly supportive of previous studies that suggested that more difficult 
infant temperaments may be risk factors for rapid infant weight gain and future obesity. 1 7•1 8•30 
Orienting/regulation score at 3 month was inversely associated gains in BMI and skinfolds, but 
positively associated with energy intake at 1 2  months, possibly suggesting that any protective 
influence on adiposity might be mediated by greater physical activity. We did not have any objective 
measures of infant activity, however, in the original study by Wells et al. neither energy intake nor 
energy expenditure appeared to explain the associations between temperament and later adiposity 
infants.20 
We also found that early infant growth was positively associated with the surgency/extraversion 
dimension and this indicator was also associated with greater energy intakes at age 1 2  months. 
It is unclear from our study whether increased surgency/extraversion represents a signalling of 
nutritional demand by the infant,31 or alternatively whether better fed infants develop increased 
reactivity. Extraversion has been associated with risk of obesity in adults,32 however such associations 
are variable and different personality traits may be linked to obesity in different individuals and in 
different settings. Further studies exploring the biological and genetic determinants of temperament 
would help to shed light on the causal directions. Irrespective of the specific mechanisms, infant 
temperament might help to predict rapid or slow infant weight gain, and it should be considered as 
a potential modifying factor in any interventions to avoid rapid or slow infant nutrition and weight 
gain. 
Some of the discrepancies between studies could be due to heterogeneous samples or differences 
in the tools used to assess infant temperament, either questionnaires or direct observation. We 
used the Revised Infant Behavior Questionnaire, which allows assessment of a large range of infant 
temperament dimensions. While it relies on maternal reports rather than direct observations, this 





the parents to make abstract or comparative judgments. Furthermore, even if the assessments 
to some extent reflect differences in mother's perception rather than in her infant, our findings 
may have important relevance for parental interventions to adapt to or cope with difficult infant 
behaviours. Another limitation of this study was the limited information on parental personality. It 
is possible that parental factors might influence both infancy weight gain and also over- or under­
estimate infant temperament. However, any putative associations between parental personality 
and parent-reported infant temperament would be prone to correlated error as both variables 
would be reported by the same individual. Finally, we assessed infant temperament only once 
at age 3 months, and the possibility exists that temperament changed during later infancy. Older 
infants tend to have higher scores in surgency/extraversion and negative affectivity, and lower scores 
for orienting/regulation.21 We adjusted for any age differences, however further studies should 
examine the changes in temperament during the first year of life. Although this is not a large study, 
the study population is larger than most previous studies investigating the association between 
temperament in early life and adiposity. Finally, while multiple tests were performed with various 
subscales of temperament, we have only considered findings to be robust if associations were seen 
with one of the three major dimensions of temperament to which these subscales contribute in an 
additive manner. 
CONCLUSION 
In conclusion , different dimensions of infant temperament were associated with weight growth in 
early and later infancy. Infants with greater positive emotionality were more likely to have more 
rapid weight gain in early infancy and greater energy intakes at age 1 2  months, whereas infants 
with more difficult temperaments showed greater gains in BMI and adiposity during later infancy. 
As parents and caregivers may interact with and feed infants differently according to infant 
temperament, early modulation of infant temperament, or education and support for parents to 
manage difficult infant temperaments might be useful strategies to prevent both low and high 
gains in infant weight and adiposity. 
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Appendix 1 .  The three major dimensions of lnfantTemperament and their subscales as assessed by 

















Duration of Orienting 
Approach Rapid approach, excitement, and positive anticipation of 
pleasurable activities. ("When given a new toy, how often did the baby get 
very excited about getting it?") 
Pleasure or enjoyment related to high stimulus intensity, rate, complexity, 
novelty, and incongruity. ("During a peek-a-boo game, how often did the 
baby smile?") 
Smil ing or laughter during genera l  ca retaking and play. ("How often during 
the last week did the baby smile or laugh when given a toy?") 
Gross motor activity, including movement of arms and legs, squirming and 
locomotor activity. ("When put into the bath water, how often did the baby 
splash or kick?") 
Amount of vocalization exhibited by the baby in daily activities. ("When 
being dressed undressed during the last week, how often did the baby coo 
or vocalize?") 
Sensitivity Detection of sl ight, low intensity stimul i  from the external 
environment. ("How often did the baby notice fabrics with scratchy texture 
(e.g., wool)?") 
Lowered mood and activity related to personal suffering, physical state, 
object loss, or inability to perform a desired action; general low mood. ("Did 
the baby seem sad when the caregiver was gone for an unusually long 
period of time?") 
Fussing, crying or showing distress while (a) in a confining place or position; 
(b) in ca retaking activities; (c) unable to perform a desired action. ("When 
placed on his/her back, how often did the baby fuss or protest?") 
Startle or distress to sudden changes in stimulation, novel physical objects 
or social stimuli; inh ibited approach to novelty. ("How often during the last 
week did the baby startle to a sudden or loud noise?") 
Rate of recovery from peak distress, excitement, or general arousal; ease of 
fa ll ing asleep. ("When frustrated with something, how often did the baby 
calm down with in 5 min?") 
Amount of pleasure or enjoyment related to low stimulus intensity, rate, 
complexity, novelty and incongruity. ("When playing quietly with one of his/ 
her favourite toys, how often did the baby show pleasure?") 
Expression of enjoyment and moulding of the body to being held by a 
caregiver. ("When rocked or hugged, during the last week, how often did the 
baby seem to enjoy him/herself?") 
Reduction of fussing, crying, or distress when soothing techniques are used 
by the caregiver. ("When patting or gently rubbing some part of the baby's 
body, how often did s/he soothe immediately?") 
Attention to and/or interaction with a single object for extended periods of 
time. ("How often during the last week did the baby stare at a mobile, crib 
bumper or picture for 5 min or longer?") 
1 1 1  
• 







General discussion and future perspectives 
1 13 
• 
General discussion and future perspectives 
About 110 million children over the world are now classified as overweight or obese. 1 In 2007, 8.9 
(2.3)% of the Dutch boys and 10.9 (3.3)% of the Dutch girls were overweight (obese).2 Increased 
amount of body fat in children has limited direct effects on health, although the age of onset of 
type 2 diabetes and other traditionally "diseases of the elderly" has been increasingly lowered up 
to adolescence.3 Moreover, overweight and obesity have a negative influence on psychological 
health.4•5The major problem of childhood obesity is the increased risk of adult obesity: obese kids 
become obese adults.6•7 In adults, overweight and obesity are strongly associated with adverse 
health outcome, including type 2 diabetes, dyslipidemia, hypertension, coronary heart disease, 
renal disease, cancer, musculoskeletal complications, asthma and other respiratory problems, and 
decreased fertility. 
Genetic adaptation to environmental factors in early life (programming) is able to modify someone's 
genetic profile and increase the risk of developing obesity and obesity-related diseases.8-10 To 
intervene in the development of childhood obesity, early intervention strategies are desired to 
change the process of programming. Such intervention will be more efficient if applied to those 
children with an increased risk for developing overweight. Therefore, risk factors for metabolic 
programming and development of obesity should first be unraveled. 11•1 2  
The GECKO Drenthe study is established to unravel the early risk factors for the development of 
childhood obesity and factors associated with metabolic programming. This population-based 
birth-cohort study, described in chapter 2, will follow approximately three thousand children from 
pregnancy until adulthood. This thesis will focus on the first year of life, since programming is known 
to take place notably intrauterine and during early life. 
Prenatal risk factors for the development of overweight and obesity 
Placental weight and birth weight are known to be associated with obesity and cardiovascular 
disease in later life.1 3-16 As described in chapter S the maternal factors, BMI, birth weight and 
diabetes are positively and independently associated with placental weight. The maternal 
factors, weight gain during pregnancy, birth weight, smoking during pregnancy and diabetes are 
independent predictors for birth weight. Maternal weight gain during pregnancy, BMI, diabetes and 
smoking during pregnancy are probably epigenetic factors, which influence the transcription of 
the genes intrauterine but also in later life. Unfortunately, our data are not very helpful in designing 
interventions to prevent the occurrence of overweight and obesity in infants. Factors influencing 
placental and birth weight are hard to manipulate. The only factors that might be influenceable 
during pregnancy are smoking during pregnancy and weight gain during pregnancy. 
Postnatal risk factors for the development of childhood overweight and obesity 
Since rapid weight gain during the first year of life is known to be an important risk factor for 
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the development of obesity in later l ife,1 7•1 8 we should focus on infant weight gain. Factors which 
influence infant weight gain a re breastfeed ing, less physica l activity, less amount of sleep, h igh 
parenta l BMI ,  smoking duri ng pregnancy and maternal diabetes before and during pregnancy 
(chapter 7). 
Stimu lating breastfeeding, physica l activity, amount of sleep and weig ht loss before becoming 
pregnant in  parents who a re overweight or obese, and preventing materna l  diabetes and smoking 
during pregnancy are important advices in  the prevention of rapid growth duri ng the fi rst yea r  of 
l ife. 
Another variable of interest, which might influence infant weight gain, is temperament of the chi ld. 
As described i n  chapter 8, different dimensions of i nfant temperament were associated with weight 
growth in  early and later i nfancy. As parents and caregivers may interact with and feed infants 
d ifferently according to infant temperament, early modulation of infant temperament, or education 
and support for parents to manage difficult infant temperaments might be useful strategies to 
prevent both low and high gains in infant weight and adiposity. 
Where should obesity prevention strategies be applied? 
I n  the Netherlands, the obstetric system is traditional ly characterized by extensive primary care 
services, supported by more special ized care. 1 9  Midwives and general practitioners a re responsible 
for normal del iveries, with obstetricians responsible for those del iveries considered high risk. When 
a compl ication during pregnancy or del ivery a rises, the woman is referred to an  obstetrician. 
Mothers of chi ldren at r isk for chi ldhood obesity should be advised and observed based on the 
chi ld's prenata l profi le. Obstetricians, midwives and genera l  practitioners, who are responsible 
for the del ivery, a re the most suitable persons to fu lfi l this task since women visit them regu larly 
during pregnancy. Weight gain during pregnancy, and smoking during pregnancy are important 
i nfluencable factors, whereupon the physician should focus. 
Within the Dutch Hea lth Care system, the Wel l  Baby Cl in ics play a centra l role during the fi rst fou r  
years of l ife. I n  the Netherlands, 95  percent of  the  chi ldren between zero and four  years of  age 
visited the Wel l  Baby Cl in ic at least ones a year.20 Parents appreciate this type of care, scoring the 
importance of the screening activities with a n  eight on a scale of zero to ten. I n  the fi rst yea r  of 
l ife, the infants visit the Wel l  Baby Clinic eight times. The frequency decl ines to ones a year at the 
age of four  years. Duri ng a visit, the chi ldren a re weighed and measured, physica l examination is 
performed to screen for diseases, and chi ldren a re being vaccinated. Moreover, advices a re g iven 
concerning food intake, ra is ing chi ldren a nd to solve behavioura l  problems if necessary. Ch i ldren 
a re referred to the genera l  practitioner, when medica l problems a re s ignal led. Since the Wel l  Baby 
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appropriate to monitor and prevent the development of childhood overweight and obesity. 
Parents underestimate their child's body size,21 so at first optimizing parental awareness and 
concern is necessary. This difficult task of making the parents aware of their child's problem can 
be accomplished by employees of the Well Baby Clinic. Additionally, other physicians working with 
overweight and obese children should also contribute and help to make the parents aware of the 
problem. 
Employees of the Well Baby Clinic can obtain information about the child's risk factors for obesity 
as outlined on the previous pages and can identify children with an increased risk for developing 
obesity. Reduction and prevention of risk factors will be the first step in the prevention of childhood 
obesity. Implementation of evidence-based prevention programs at the Well Baby Clinics will be 
future perspectives. 
Tracking of overweight and obesity and changes in growth during the first year of life 
Literature confirms the tracking of childhood obesity into adulthood.16•22The tracking of overweight/ 
obesity appears to become stronger as children get older.22 Only few studies investigated if the 
tracking of obesity starts before the age of one year. One systematic review reported that the risk 
of adult obesity was twice as high for one-year-old obese chi ldren as for non-obese children of that 
age.6 Our results in chapter 6 indicate that infants follow the growth percentiles more strictly in the 
period 26-46 weeks compared to 6-26 weeks. During the first period of life, infant frequently change 
their percentiles. 
Childhood overweight and obesity showed an enormous increase in the last decennia.23 We 
evaluated prospectively in a large cohort of healthy term infants the gain of weight, length and 
waist circumference during the first year of life, and compared our results to data obtained in the 
Netherlands 1 0  years ago {chapter 6) to investigate if increased incidence of overweight already 
starts in the first year of life. The growth curves24 of the national data of 1 0  years ago are age­
specific and gender-specific growth charts and used at all Well Baby Clinics in the Netherlands. The 
results indicated that infants, on average, have become taller and heavier with the increased waist 
circumference over the past 1 0  years. At the same time, differences were more pronounced at 4 
weeks compared to 26 and 48 weeks of age. Differences therefore can be attributed to a higher 
weight, l ength and waist circumference at birth , and not to increased weight gain during the first 
year of life. The increase in overweight and obesity in children cannot be attributed to a higher 
weight gain during the first year of life. How the prevalence of overweight and obesity changes 
during childhood should be investigated by the GECKO Drenthe study in the future. 
Monitoring chi ld's growth 
Observing growth is of great importance to determine weight gain during the first year of life and 
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the tracking of overweight and obesity. Despite the fact that the increase in childhood obesity can 
not be attributed to a higher weight gain during the first year of life, individual growth should be 
monitored and observed carefully to identify major disruptions of the growth curve. 
During the first two years of life, specific growth charts, based on the data of the 1 997 Dutch growth 
study, are used at the Well Baby Clinics; namely weight-for-age, height-for-age, weight-for-height 
and head circumference-for-age. For children younger than two years no valid method to detect 
overweight is available.25 The protocol of the Dutch Health Care is to observe the weight-to-height 
ratio accurately and to obtain information of parent's height and weight at the first visit to detect 
children at risk for developing overweight based on family history. Children with measurements 
above the +2 standard deviation (SD) line in the weight-for-age, height-for-age, weight-for-height 
charts or children with rapid weight gain (+ 1 SD during one month in the period 0-6 month or 
+ 1 SD in two months in the period 6-1 2  months) should be observed carefully. The importance of 
prevention should be taken into account. When these children tend to increase their weight even 
further from the SD line, advices should be given to the parents to reduce further weight gain. 
The growth charts , developed in this study and presented in chapter 6, should not be used at the 
Well Baby Clinics. Reference growth charts are now used at the Well Baby Clinics to identify children 
with overweight and obesity. Since the prevalence of obesity and overweight has increased rapidly 
in the last decennia23; newly developed reference curves will underestimate the problem. 
Available growth charts of studies performed in 1 955 ,  1 965, 1 980 and 1 997 revealed that at one year 
of age, length was similar in all studies. In the age range one to four years, the positive secular change 
was limited to 1 -2 cm in comparison to the 1 955 study.24 Since the prevalence of obesity in 1 955 was 
still low, the question arises if growth charts of 1 955 are more suitable as national reference growth 
charts. Since the secular trend for height in the first four years in life is negligible, no valid reason for 
the increase in weight can be given. The growth charts of 1 955 do not underestimate the children 
with high weight and childhood obesity, and are therefore more suitable. In the Netherlands, 
different growth charts for the ages 0-2 year and 2-2 1 year are used. Therefore, our recommendation 
is to use the growth charts of 1 955 for children between 0 and 2 years. 
However, in children, adolescents, and young adults of Dutch origin, the positive secular growth 
change still continues.24 Since the secular trend for height is established, weight should increase 
comparatively. Because of this, we propose that the growth charts of the year 1 997 are the most 
suitable reference curves for children between 2 and 2 1  years. 
Methods which should be used at the Well Baby Clinics 
Height and weight are easy to obtain, frequently used, and generally accepted at the Well Baby 
Clinics. We emphasize that weight and height should not be used to determine body composition 
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overweight and obesity. For other clinical settings, which focus especially on childhood obesity, 
it would be preferable to use skinfold measurements and circumferences to determine abdominal 
body fat.26 Chapter 3 concluded that different non-invasive methods to estimate total body fat 
including the BMI show rather variable results. In order to use any of the non-invasive methods 
to estimate total body fat, determination of reference data for each method is needed. For now, 
these reference data are not available. Moreover, fat distribution is known to be more important as 
predictor for obesity related diseases than total body fat.27 
Waist circumference is easy to obtain and correlates with visceral fat amount and obesity.26 
Epidemiological studies have demonstrated that, already in childhood, visceral fat appears to be 
significantly associated diabetogenic and atherogenic abnormalities.1 3 Hip circumference also 
reflects to a certain extent the body composition, but its prognostic value in childhood for later 
health risk in adulthood is limited.28 
Skinfold measurements can be very useful in determining the abdominal body fat.26 
However, implementation on the Well Baby Clinic will be more difficult and more expensive than 
implementing waist circumference. 
Adding waist circumference in standard care will obtain extra and sufficient information. 
The Netherlands 1997, waist clrc11mrerence for a e 
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Figure 1 :  national growth chart of waist circumference-for age for boys 
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Figure 2: national growth chart of waist circumference-for age for girls 
Children with a normal weight-to-height ratio but with high abdominal fat will be detected and 
can get appropriate care. Figure 1 and 2 show the national reference growth charts of 1 997, which 
should be used to observe and monitor waist circumference. The reference growth charts for waist 
circumference of 1 955 are not available; otherwise these charts would be more appropriate. 
Other adiposity measures 
Despite the fact that the use of the BIA in infants was explored in depth (chapter 4), we prefer the 
use of weight-for-height growth, weight-for-age, waist circumference-for-age charts for screening 
children for obesity and overweight at the Well Baby Clinics. Bioelectrical impedance vector analysis 
can be useful to interpret body composition, but more research is necessary to obtain reference 
values for the period between two months and two year. 
The use of BMI, which reflects weight relative to height squared, as screening tool for total body fat 
has been discussed in chapter 3. In six- and seven-year-old children BMI could identify children with 
overweight and excess fat mass, however BMI was not suitable to estimate the amount of total body 
fat in the children with a normal weight. These results suggest that a normal BMI does not exclude 
an excess fat mass. Based on literature, we conclude that calculating BMI for children under the age 
of two years has no surplus value compared to weight-for-height to identify childhood obesity.4 
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Recommendations for future perspectives 
Future research in childhood obesity 
Until now childhood obesity prevention programs caused small changes in target behavior and 
no significant effect on BMI compared with control.29 The target behavior was defined as increase 
of physical activity, decrease of sedentary activity and reduction of unhealthy dietary behavior. An 
interesting research field which needs exploration is the field of childhood obesity prevention.1 1 •30 
Since programming of our genes and learning a lifestyle behavior is fixed in early life, it seems 
important to start an intervention program at an early stage of life. However, most prevention 
programs start at the age of two years, which is particularly late. More research, with the focus on 
pregnancy and the first years of life, is desired. 
To obtain the next step in childhood obesity research it is necessary to collaborate and to combine 
cohorts. Since the problem of childhood obesity has become obvious, research in the obesity 
field is performed all around the world. Numerous cohorts have been established.31 •34 Also in the 
Netherlands different cohort studies have been designed to gain insight in the development of 
obesity, for example generation R 1 2  and KOALA35 study. The ethnic and environmental differences 
among and within the countries, make it appealing to collaborate. In our research field, we should 
learn from the comprehensive collaborations in the genetic field. 
Future research in the determination of total body fat in pre-pubertal children 
As discussed in chapter 3, 4 and the general discussion, more research is necessary to determine 
total body fat in pre-pubertal children. Comparing the methods with the four-compartment model 
and determine reference values for young children is needed to estimate total body fat in children. 
Future research in childhood obesity prevention 
A recommendation for future research is to expand the childhood obesity prevention field especially 
focused on prevention before the process of programming has taken place. 
Within GECKO Drenthe, a sub-study to evaluate the effectiveness of an overweight prevention 
program during the first year of life has been established. We believe that an early start for an 
intervention program is crucia I when it comes to trying to prevent the development of obesitythroug h 
a positive change in metabolic programming. Therefore, our program starts in the second week of 
life. This randomised field trial to prevent obesity was developed by children's physiotherapists and 
is based on a physical activity program. This program is implemented in the care of the Well Baby 
Clinics. As main study parameters the following measurements will be evaluated: anthropometry, 
motor skills (Albert Infant Motor Scale36 and Bayley Scales of Infant Development Second Edition 
motor part37),  as well as physical movements measured by an accelerometer especially made for 
babies. The results of this trial are not available yet. The health care system in the Netherlands is 
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different compared to other countries, namely Well Baby Clinics are not part of every national health 
care system. Therefore, whether our program is effective or not, more research in other settings and 
different countries is needed to find appropriate ways to prevent the development of ch ildhood 
obesity. 
Future research of the GECKO Drenthe study 
This thesis is mainly based on cohort data obtained at the first year of life. The children of this 
cohort will be followed until adulthood, so the GECKO Drenthe study will continue with unravelling 
environmental and genetic risk factors for ch ildhood obesity. As discussed before, the tracking of 
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Since the prevalence of childhood obesity is increasing rapidly in most countries around the 
world1 •3 and obesity is associated with negative health consequences, it is of great importance to 
gain insight in factors contributing to the development of obesity.4•5 The mechanism of developing 
obesity is not fully understood, however the genetic adaptation to environmental factors in early 
life (programming) seems to be important.6·8 Therefore, early detection of children at risk for the 
development of obesity is necessary. In this way, obesity prevention programs can start before the 
programming has started to have its effects. 
The aim of this thesis was to unravel early risk factors for the development of overweight/obesity. 
A secondary aim was to gain insight in reliable and user friendly methods to detect children with a 
high amount of total body fat. 
Groningen Expert Center for Kids with Obesity (GECKO) 
In chapter 2 the design of GECKO Drenthe is described. The GECKO Drenthe is a population-based 
birth-cohort study of children born in a 1 -year period in Drenthe, one of the northern provinces of 
the Netherlands and focuses on the development of overweight and obesity. Recruitment and data 
collection took place through all obstetricians, midwives, general practitioners and Well Baby Clinics 
in Drenthe. This cohort of three thousand children will be followed from pregnancy until adulthood. 
Genetic, biomedical, social, environmental and dietary data of the children and their parents are 
collected. Most of the data are obtained during regular visits to the Well Baby Clinics. 
Body composition 
Overweight and obesity are defined by body mass index (BMI), which reflects weight relative to 
height square (kg/m2). In children, gender- and age- specific cut-off values for BMI are determined.9 
The disadvantage of the BMI, as a parameter for obesity, is that bodyweight is measured as a proxy for 
the amount of fat. Gender, ethnicity, and physical training, may influence the distribution between 
lean and fat mass. Using BMI as a parameter for overweight and obesity, can lead to overdiagnosis or 
underdiagnosis of overweight and obesity.10 In chapter 3 different methods, to compare total body 
fat in non-obese children, are evaluated. The different methods used were isotope dilution, dual 
energy X-ray absorptiometry, skinfold thickness, bioelectrical impedance analysis (BIA), combination 
of these methods as well as BMI. In chapter 3 results show that BMI seems not suitable to identify 
normal weight children with a high percentage body fat. More specifically, children with the same 
BMI showed a marked variation in total body fat ranging from 8% to 21 % as estimated from the 
isotope dilution method. The results in chapter 3 indicate that different non-invasive methods, 
which were used to estimate total body fat in healthy normal or slightly overweight 6-7-year-old 
children show rather variable results. In order to use either of these methods to detect the children 
with excess fat, reference data for each separate method are needed. As long as those data do not 
exist, caution must be used when applying these methods. 
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The results of the study described in chapter 3 can not easily be extrapolated to infants, since 
the body composition in infants is not the same as in older children. In this thesis, we explored 
the use of BIA in infants in depth. BIA equations are used to calculate total body fat, based on the 
assumption that the human body is a constant isotropic, cylindrical conductor of current. 1 1,1 2 Since 
the density and tissue hydration in infant's change, the infant body can not be presumed to be 
a constant conductor of current. Therefore, not a single equation can be developed to calculate 
total body fat in infants. Whereas the BIA equations try to determine body fat percentage, the 
bioelectrical impedance vector analysis (BIVA) visualizes the impedance measurements whereupon 
the body composition can be interpreted. BIVA can be used as a stand-alone procedure to assess the 
condition of hydration and the amount of fat mass in a person. For using the BIVA, reference values 
are needed. In infants, only few studies concerning the BIVA have been done. Progressive vector 
shortening through ages, has been described in literature,13•1 4  but has never been proven during 
infancy. Longitudinal data are needed to investigate the change of the vector during the first year 
of life. Chapter 4 satisfies this need and confirms significant impedance vector migration during 
the first year of life. New reference tolerance intervals for the second month of life are constructed 
and can be used in clinical settings. With the use of these intervals, two-month-old infants with 
abnormal soft tissue mass can be detected. Since vector shortening in the first year is observed, 
more studies are necessary to obtain reference values for the period between two months and two 
year. After the age of two years, reference values are available. 
Preventing obesity 
To intervene in the development of obesity, early intervention strategies are desired to change 
the process of programming. Placental weight and birth weight are known to be associated with 
obesity and cardiovascular diseases in later life.1 5-1 8 Studies investigating maternal factors which 
predict placental weight and birth weight have been performed.1 9-25 Nevertheless, studies to 
find paternal predictive factors are rare. To learn more about the parental, especially the paternal 
factors associated with placental weight and birth weight, more research is needed. In chapter 5 
the influence of parental factors on placental weight and birth weight is evaluated. We concluded 
that both maternal and paternal factors are related to the weight of the placenta as well as birth 
weight in the offspring. The paternal factors, BMI and own birth weight are related to placental 
weight. Both factors together with smoking in the environment of the mother influence birth 
weight. In the multivariate analysis these paternal factors did not show to be independent factors. 
Independent predictors for placental weight were the maternal factors pre-pregnancy BMI, birth 
weight and diabetes. The maternal factors weight gain during pregnancy, birth weight, smoking 
during pregnancy and diabetes were independent predictors for birth weight. All maternal factors, 
except for smoking during pregnancy, were positively associated with placental/birth weight. 





of overweight and obesity in infants. Factors influencing placental and birth weight are hard to 
manipulate. The only factors that might be influenceable during pregnancy are smoking and weight 
gain during pregnancy. 
The prevalence and incidence of childhood obesity is increasing rapidly during the last decennia. 
There are still a lot of unanswered questions, namely if the increase in overweight already starts in 
the first year of life. When the development of obesity starts in the first year of life, an increase in 
infant weight during the last 10 years is expected considering the steep increase in prevalence of 
childhood overweight and obesity. 
A weight gain above the mean during the first two years of life is found to be a risk factor for the 
development of overweight and obesity.27 However, it is unclear at present in which period during 
the first years of life a rapid weight gain might be a risk factor for the development of overweight 
and obesity in later life. Birth weight also increased during the last decennia. It is unknown if the 
increase in birth weight causes an increased weight at 1 year of age. An increase in the mean weight 
at 1 year of age might be part of the explanation of the rapid increase in the incidence of overweight 
in later life. 
Chapter 6 investigates the changes in the last decennium in terms of weight, length, and waist 
circumference during the first year of life. The results of this study indicate that infants at the age of 
one year, on average, have become taller and heavier with an increased waist circumference over 
the past 1 0  years. At the same time, differences were more pronounced at 4 weeks compared to 26 
and 48 weeks of age. The gain in weight and waist circumference during the first year of life was 
lower in 2006-7, while length gain was higher. Differences therefore can be attributed to a higher 
weight, length and waist circumference at birth, and not to increased weight gain during the first 
year of life. The increase in overweight and obesity in children seen over the past 10 years therefore 
cannot be attributed to a higher weight gain during the first year of life. 
The tracking of overweight/obesity appears to become stronger as children get older.28 Only few 
studies investigated if the tracking of obesity starts under the age of one year.29 Additionally, the 
first year of life is an interesting and important period since the focus of obesity prevention lies on 
primary prevention and programming. In chapter 6 our longitudinal prospective data indicate that 
infants change percentiles much more frequently during the first 6 months compared to the second 
6 months of life. 
As described before, weight gain during infancy is associated with childhood obesity.27 For early 
detection of children at risk for the development of obesity, it is of great importance to know factors 
which influence weight gain during infancy. Parental and environmental factors associated with 
growth patterns during the first year of life are determined in chapter 7. A number of parental 
and environmental factors influence the gain in weight, length, waist circumference and hip 
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circumference during the first year of life. The variables, smoking during pregnancy, maternal 
diabetes, breastfeeding at the age of three months, especially influence growth patterns during the 
first half year of life, whereas parental BMI, amount of sleep and physical activity mainly influence 
the second half year of life. 
In the future, obesity prevention programs should focus on making parents aware of the positive 
effect of breastfeeding their baby. Stimulating breastfeeding, physical activity, amount of sleep 
and parental weight loss before becoming pregnant of overweight/obese parents, and preventing 
maternal diabetes and smoking during pregnancy are important advices in the prevention of rapid 
growth during the first year of life. The next step is to implement these factors in obstetric and 
prenatal care to prevent high weight gain during the first year of life. 
Temperament is also a variable of interest, since temperament is influenceable and is thought to 
be associated with both low and high infant weight gain.30-33 Chapter 8 investigates the interaction 
between temperament, at the age of three months, and weight gain during the first year of life. 
Different dimensions of infant temperament were associated with growth in early and later infancy. 
Infants with greater positive emotionality were more likely to have more rapid weight gain in 
early infancy and greater energy intakes at age 12 months, whereas infants with more difficult 
temperaments showed greater gains in BMI and adiposity during later infancy. As parents and 
caregivers may interact with and feed infants differently according to infant temperament, early 
modulation of infant temperament, or education and support for parents to manage difficult infant 
temperaments might be useful strategies to prevent both low and high gains in infant weight and 
adiposity. 
In the general discussion (chapter 9) the way how childhood growth should be monitored and 
the way how children at risk for developing obesity should be detected is discussed. The Well Baby 
Clinics already fulfill the task of observing children and their growth. The structure of these clinics 
in Dutch Health Care does not have to change, since the Well Baby Clinics are easy accessible, and 
parents are content with these clinics.34 However, obtaining the waist circumference should be 
added to the standard care, to detect children with high abdominal fat and who are therefore at risk 
for the development of diabetes, high blood pressure and cardiovascular disease.35-37 
In chapter 9 the way how to prevent the development of obesity is discussed. Based on the child's 
pre- and postnatal risk profile, and based on their growth pattern, children at risk for developing 
obesity should be observed carefully and their parents should get appropriate advices in time to 
prevent the development of overweight and obesity. 
Until now childhood obesity prevention programs had no significant effect on BMI compared with 




obesity prevention. Another recommendation to continue research is to collaborate and to 
combine cohorts. Numerous cohorts have been established,39-44 and the ethnic and environmental 
differences among and within the countries, make it appealing to collaborate. Moreover, future 
research should focus on: 
1 30 
• unravelling more environmental and genetic risk factors for childhood overweight and 
obesity 
• childhood growth (for example: which period in the first years of life is most related to later 
overweight/obesity) 
• comparing non-invasive methods, which estimate total body fat in children, with the four­
compartment model and determining reference values for young children. 
Summary 
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In de meeste landen van de wereld is het aantal kinderen met overgewicht enorm toegenomen.1-3 
Omdat overgewicht samenhangt met negatieve gezondheidsconsequenties, is het heel belangrijk 
om meer inzicht te krijgen in het ontstaan van overgewicht en te ontdekken welke factoren 
invloed uitoefenen op de ontwikkeling van overgewicht.4-5 Het onderliggende mechanisme voor 
het ontstaan van overgewicht is ons nog niet helemaal duidelijk. De suggestie is gewekt dat 
genen zich vroeg in het leven aanpassen aan de omgevingsfactoren. Deze genetische adaptatie, 
ook wel "programming" genoemd, is heel belangrijk bij de ontwikkeling van overgewicht en de 
bijbehorende aandoeningen.6-8 Doordat "programming" tijdens de zwangerschap en gedurende 
de eerste levensjaren plaatsvindt, is vroege opsporing van kinderen met een verhoogd risico op 
overgewicht heel belangrijk. Door de vroege detectie kunnen programma's, om te voork6men dat 
kinderen overgewicht ontwikkelen ,  gestart worden nog voordat de "programming" plaats heeft 
gevonden. 
Het doel van dit proefschrift is om de vroege risicofactoren voor het ontstaan van overgewicht 
en obesitas te ontrafelen. Een secundair doel is om inzicht te krijgen in betrouwbare en 
gebruiksvriendelijke methoden om kinderen met een hoog vetpercentage te detecteren. 
GECKO Drenthe 
In hoofdstuk 2 is de opzet van de "Drentse GECKO" beschreven. De "Drentse GECKO" is een 
geboortecohort, waarin alle kinderen mochten deelnemen die geboren zijn tussen 1 april 2006 en 
1 april 2007 en tijdens de geboorte woonachtig waren in Drenthe. De focus van het onderzoek 
richt zich op de ontwikkeling van overgewicht op de kinderleeftijd. De werving en dataverzameling 
vonden plaats bij de gynaecologen ,  verloskundigen ,  huisartsen (die zelfstandig bevallingen deden) 
en op de consultatiebureaus in Drenthe. Het cohort, bestaande uit 3000 kinderen ,  zal worden 
gevolgd vanaf de zwangerschap tot volwassenheid. Gegevens van de kinderen en hun ouders, over 
erfelijkheidsfactoren ,  biomedische factoren ,  sociale factoren ,  omgevingsfactoren en hun voeding 
zijn verzameld. Het merendeel van de gegevens zijn verzameld gedurende reguliere bezoeken op 
het consultatiebureau. 
Lichaamssamenstelling 
Overgewicht en obesitas worden aangetoond door middel van de body mass index (BMI). De BMI 
geeft de verhouding tussen gewicht en lengte in het kwadraat weer (kg/m2). Bij kinderen zijn er 
geslachts- en leeftijdspecifieke afkappunten voor de BMI bepaald.9 Het nadeel van de BMI, als 
parameter voor overgewicht en obesitas, is dat lichaamsgewicht gemeten wordt als bepaling voor 
de hoeveelheid lichaamsvet. Geslacht, etniciteit en fysieke training kunnen de BMI be"invloeden ,  
wat kan leiden tot overdiagnose of onderdiagnose van overgewicht en obesitas.1 0  In  hoofdstuk 3 
worden verschillende methoden ,  om totaal lichaamsvet te bepalen bij kinderen zonder obesitas, 
vergeleken. De methoden die zijn onderzocht, waren het gebruik van isotopendilutie ('zwaar water' ) ,  
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DEXA scan, huidplooidiktes, Bio-elektrische lmpedantie Analyse (BIA) , een combinatie van de 
laatste 2 methoden en de BMI. De resultaten van hoofdstuk 3 laten zien dat de BMI niet geschikt 
is om kinderen met een normaal gewicht en een hoog percentage lichaamsvet te identificeren. Ter 
specificatie, kinderen met een gelijke BMI vertoonden een duidelijke variatie in totaal lichaamsvet 
met een range van 8% tot 2 1 % gemeten met isotopendilutie techniek. Verder liet dit onderzoek 
zien dat de verschillende non-invasieve methoden, om totaal lichaamsvet te bepalen van gezonde 
6- en 7-jarige kinderen met een normaal gewicht of licht overgewicht, nogal verschillende 
resultaten vertoonden. Om een van deze methoden te gebruiken om kinderen met overtollig vet 
te detecteren, zijn referentiewaarden voor elke individuele methode noodzakelijk. Zolang wij niet 
over deze gegevens beschikken, moet er zorgvuldig worden omgesprongen met het toepassen van 
deze methoden. 
De resultaten van de studie, die in hoofdstuk 3 beschreven zijn, kunnen niet geextrapoleerd 
worden naar zuigelingen, omdat de lichaamssamenstelling bij zuigelingen niet gelijk is aan die van 
oudere kinderen. In dit proefschrih wordt het gebruik van de BIA bij zuigelingen verder uitgediept. 
Vergelijkingen, gebaseerd op de BIA metingen, worden vaak gebruikt om totaal lichaamsvet te 
berekenen. Deze vergelijkingen zijn gebaseerd op het feit dat het menselijk lichaam een constante, 
cylindrisch geleider van stroom is. 1 1 •1 2 Aangezien de lichaamssamenstelling en hydratietoestand bij 
zuigelingen erg wisselt, kan er niet worden aangenomen dat een zuigeling een constante stroom­
geleider is. Hierdoor is het niet mogelijk om een vergelijking te ma ken om totaal lichaamsvet voor 
zuigelingen te berekenen. Waar de BIA vergelijking probeert het lichaamspercentage te bepalen, 
visualiseert de Bioelectical Impedance Vector Analyse (BIVA) de impedantie metingen op basis 
waarvan de lichaamssamenstelling kan worden ge'interpreteerd. BIVA kan worden gebruikt als 
een alleenstaande procedure om de hydratietoestand en de hoeveelheid vet in een persoon te 
bepalen. Voor het gebruik van de BIVA zijn referentiewaarden nodig. Bij zuigelingen zijn slechts 
enkele onderzoeken met betrekking tot de BIVA uitgevoerd. 1 3•1 4  Longitudinale data zijn nodig om 
de veranderingen van de BIVA gedurende het eerst levensjaar te onderzoeken. 
In Hoofdstuk 4 zijn nieuwe referentiewaarden voor de leehijd van twee maanden gemaakt. Deze 
referentiewaarden kunnen worden gebruikt voor de klinische doeleinden. Meer onderzoek is nodig 
om referentiewaarden te bepalen voor de periode tussen twee maanden en twee jaar. Na de leehijd 
van twee jaar zijn deze wel beschikbaar. 
Preventie van obesitas 
Om de ontwikkeling van overgewicht en de negatieve consequenties van "programming" te 
voork6men zijn vroege interventie strategieen gewenst. Het gewicht van de placenta en het 
geboortegewicht zijn geassocieerd met het ontwikkelen van obesitas en cardiovasculaire ziektes op 
latere leehijd. 1 5-1 5 Meerdere studies zijn uitgevoerd, waarbij de moederlijke factoren als voorspellers 





vaderlijke factoren als voorspellers worden onderzocht, zijn uitzonderlijk. Om meer te weten te 
komen over de ouderlijke en vooral vaderlijke factoren, die geassocieerd zijn met het gewicht van 
de placenta en het geboortegewicht is meer onderzoek nodig. In hoofdstuk S wordt de invloed 
van ouderlijke factoren op het gewicht van de placenta en het geboortegewicht geevalueerd. In dit 
hoofdstuk wordt geconcludeerd dat zowel moederlijke als vaderlijke factoren, voorspellers zijn voor 
het gewicht van de placenta en het geboortegewicht van de nakomeling. De vaderlijke factoren, 
BMI en geboortegewicht van de vader zijn gerelateerd met het gewicht van de placenta. Beide 
factoren, samen met roken in de omgeving van de moeder, be'invloeden het geboortegewicht. 
Deze vaderlijke factoren bleken echter geen onafhankelijke factoren. De moederlijke factoren, BMI, 
geboortegewicht en suikerziekte zijn onafhankelijke voorspellers voor het gewicht van de placenta. 
De moederlijke factoren, gewichtstoename van moeder tijdens de zwangerschap, geboortegewicht 
van de moeder, roken tijdens de zwangerschap en suikerziekte zijn onafhankelijk geassocieerd 
met het geboortegewicht van het kind. Alie moederlijke factoren, behalve roken tijdens de 
zwangerschap, zijn positief geassocieerd met het gewicht van de placenta en het geboortegewicht. 
Helaas zijn onze gegevens niet erg nuttig bij het ontwikkelen van een overgewicht/obesitas 
interventie programma. De factoren die het gewicht van de placenta en het geboortegewicht 
be"invloeden zijn moeilijk te manipuleren. De enige moederlijke factoren die tijdens de 
zwangerschap zijn te be'invloeden zijn roken tijdens de zwangerschap en gewichtstoename 
gedurende de zwangerschap. 
Het aantal kinderen met overgewicht is ernstig toegenomen gedurende de laatste decennia. Er zijn 
nog steeds veel onbeantwoorde vragen (bijvoorbeeld of de toename van overgewicht al in het 
eerste levensjaar begint). Als de ontwikkeling van overgewicht inderdaad al in het eerste levensjaar 
beg int dan zou er, gedurende de laatste 1 0  jaar, een toename in het gewicht van de zuigelingen 
zichtbaar moeten zijn, gezien de sterke toename van het aantal kinderen met overgewicht en 
obesitas. 
Een gewichtstoename gedurende de eerste twee jaar van het leven boven het gemiddelde is 
een risicofactor gebleken voor het ontwikkelen van overgewicht en obesitas.27 Het is nu echter 
nog niet duidelijk , in welke periode in de eerste jaren van het leven een grote gewichtstoename 
een risicofactor is voor het ontwikkelen van overgewicht en obesitas in het latere leven. Ook het 
geboortegewicht is gestegen gedurende de laatste decennia. Het is onduidelijk of de stijging in 
geboortegewicht ook heeft geleid tot een hoger gewicht op de leeftijd van 1 jaar. 
Hoofdstuk 6 onderzocht de veranderingen van gewicht, lengte en buikomtrek in het laatste 
decennium. De resultaten van deze studie duiden erop dat de kinderen op de leeftijd van 1 jaar, 
gemiddeld, langer en zwaarder zijn geworden met een grotere buikomtrek gedurende de laatste 
1 0  jaar. Tegelijkertijd zijn de verschillen meer uitgesproken bij 4 weken vergeleken met 26 en 48 
weken. De groei ,  op basis van gewicht en buikomtrek, gedurende het eerste levensjaar was minder 
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in 2006-7 terwijl de lengtegroei meer was. De verschillen kunnen daardoor worden toegeschreven 
aan een hoger gewicht, lengte en buikomtrek bij de geboorte, maar niet aan een sterkere groei 
(gewichtstoename) tijdens het eerste levensjaar. De toename van overgewicht en obesitas bij 
kinderen, die werd gezien in de laatste 1 0  jaar, kan niet worden toegeschreven aan een hogere 
gewichtstoename tijdens het eerste levensjaar. 
Zoals hiervoor beschreven, is gewichtstoename van de zuigelingen geassocieerd met overgewicht 
op de kinderleeftijd.27Voorvroege detectie van kinderen met een verhoogd risico op het ontwikkelen 
van obesitas, is het erg belangrijk om te weten welke factoren de gewichtstoename tijdens het 
eerste levensjaar be·invloeden. Ouderlijke factoren en omgevingsfactoren, die geassocieerd zijn met 
groeipatronen gedurende het eerste levensjaar, zijn onderzocht in hoofdstuk 7. Enkele ouderlijke 
factoren en omgevingsfactoren be·invloeden de toename in gewicht, lengte, buik- en heupomtrek 
gedurende het eerste levensjaar. De factoren, roken tijdens de zwangerschap, suikerziekte bij de 
moeder en borstvoeding gedurende de eerste drie maanden van het leven, be·invloeden vooral de 
groeipatronen gedurende het eerste half jaar van het leven. Vaderlijke BMI, de hoeveelheid die het 
kind slaapt en de fysieke beweging van het kind, be·invloeden vooral de groei in het tweede half jaar. 
In de toekomst moeten obesitas preventie programma's zich richten op het positieve effect van 
het geven van borstvoeding aan de baby. Het stimuleren van borstvoeding, fysieke beweging, 
hoeveelheid slaap en afvallen van ouders met overgewicht/obesitas en de preventie van diabetes 
bij de moeder en roken gedurende de zwangerschap zijn belangrijke adviezen bij de preventie van 
snelle gewichtstoename gedurende het eerste levensjaar. De volgende stap is om deze factoren in 
de obstetrie en prenatale zorg te implementeren om een snelle gewichtstoename in het eerste jaar 
van het leven te voork6men. 
Temperament van het kind is een factor waarin we ook ge·interesseerd zijn. Dit komt omdat 
temperament be·invloedbaar is en geassocieerd lijkt te zijn met zowel een lage als hoge 
gewichtstoename in het eerste levensjaar.28•31 In hoofdstuk 8 wordt de interactie tussen 
temperament, op de leeftijd van drie maanden, en de gewichtstoename in het eerste levensjaar 
onderzocht. Verschillende temperamenttypen hangen samen met de groei in het eerste jaar van 
het leven. Een snelle gewichtstoename tijdens de eerste drie maanden van het leven en een hogere 
energie intake op de leeftijd van 1 2  maanden komt vaker voor bij een extravert kind. Kinderen met 
veel negatieve emoties of stemmingen in uiteenlopende situaties vertonen een snellere stijging 
van BMI tussen de leeftijd van 3 en 1 2  maanden. Omdat de ouders en verzorgers reageren op het 
temperament van het kind en de zuigeling daardoor ook meer of anders gevoed wordt, is het 
belangrijk het temperament van het kind in een vroeg stadium te moduleren. Ouders kunnen hierin 
ook gesteund en opgeleid warden, bijvoorbeeld hoe je het beste het moeilijke temperament van 
een kind kan beheersen. Dit is wellicht een goede interventie, om te voork6men dat kinderen te 





In de discussie (hoofdstuk 9) wordt de beste manier om de groei te observeren en de beste manier 
om kinderen met een verhoogd risico op overgewicht/obesitas op te sporen, bediscussieerd. De 
consultatiebureaus observeren op dit moment de kinderen en hun groei. De structuur van deze 
bureaus in de Nederlandse Gezondheidszorg hoeft niet te veranderen, omdat de consultatiebureaus 
laagdrempelig zijn en ouders er erg tevreden mee zijn.32 Echter, het meten van de buikomtrek 
zou moeten worden toegevoegd aan de standaard zorg, om kinderen met veel abdominaal vet 
op te sporen. Deze kinderen lopen een verhoogd risico op het ontwikkelen van suikerziekte, hoge 
bloeddruk en hart- en vaatziekten op latere leeftijd.33-35 
In hoofdstuk 9 wordt de mogelijkheid tot preventie van overgewicht en obesitas besproken. 
Afhankelijk van het overgewicht/obesitas risicoprofiel van de kinderen en afhankelijk van het 
groeipatroon dat het kind vertoont, kunnen kinderen met een verhoogde kans op het ontwikkelen 
van overgewicht en obesitas worden gedetecteerd en geobserveerd. Daarnaast moeten de ouders 
van deze kinderen adviezen krijgen om het ontwikkelen van overgewicht en obesitas te voork6men. 
Tot nu toe hebben obesitas preventie program ma's op de kinderleeftijd geen significant effect op de 
BMI vergeleken met controle groepen.36 Daardoor is de aanbeveling voor toekomstig onderzoek, om 
het gebied van obesitas preventie program ma's verder te onderzoeken. Een andere aanbeveling is 
om meer samen te gaan werken en gegevens van verschillende cohorten met elkaar te combineren. 
Het is aantrekkelijk om samen te werken aangezien verscheidene cohorten zijn opgezet,37-42 en 
omdat er etnische verschillen en verschil in omgevingfactoren zijn tussen en binnen landen. 
Toekomstig onderzoek moet zich ook richten op: 
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• het ontrafelen van meer risicofactoren (omgevingsfactoren en genetische factoren) voor 
het ontwikkelen van overgewicht/obesitas op de kinderleeftijd 
• de groei tijdens de kinderleeftijd (bijvoorbeeld: welke periode van groei gedurende het 
eerste levensjaar het meest gerelateerd is met overgewicht/obesitas op latere leeftijd) 
• vergelijken van non-invasieve meetmethoden met het viercompartiment model om 
totaal lichaamsvet bij kinderen te bepalen. Tevens moeten er referentiewaarden worden 
gemaakt voor het jonge kind. 
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Daarnaast wil ik Manon, mijn zus en tevens paranimf, en Onno, mijn zwager, bedanken voor de 
vreugde die jullie mij brachten om door samen met Puck, Kiki en Luiz, mijn nichtjes en neefje, af en 
toe naar Groningen af te reizen. Manon, jouw relativerend vermogen was altijd erg verhelderend. 
Ook bedankt voor je luisterend oor tijdens onze vele telefoongesprekken. 
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Niels, mijn broer en tevens paranimf, en Marije, mijn schoonzus, en mijn kleine neefje Dante, 
bedankt voor jullie interesse en steun. Niels, jij hebt mij menigmaal opgepept door je bewondering 
voor een promotie uit te spreken. Ook je nieuwsgierigheid betreffende het leven in het ziekenhuis 
en het verloop van mijn promotie doet mij altijd goed. 
Ook oma bedankt voor alle liefde en aandacht die u mij altijd gegeven heeft. 
Janko, mijn vriend, wil ik uiteraard ook bedanken. Dankje wel voor het zijn van mijn vriend en voor 
het steunen van mij door dik en dun. Door onze relatie ben ik er, al voordat Amy geboren was, achter 
gekomen dat een plus een drie kan zijn. 
Lieve Amy, door jou heb ik geleerd dat er veel belangrijkere dingen in het leven zijn dan werk. lk 
ben trots en dolgelukkig dat ik jouw mama mag zijn. Jij hebt het I even van papa en mij compleet 
gemaakt. 
Daarnaast wil ik alle mensen die het belang van de Drentse GECKO inzagen, bedanken. lk ben erg 
blij dat alle gynaecologen, verloskundigen, en huisartsen in Drenthe mee wilden werken. Door 
jullie inzet is het mogelijk geworden om een onderzoek van deze omvang op te kunnen opzetten. 
Daarnaast hebben jullie er voor gezorgd dat wij meer inzicht kunnen verkrijgen in het ontstaan van 
overgewicht en de vroege factoren die daar een rol bij spelen. Ook alle werknemers van de stichting 
I care in Drenthe, ben ik erg dankbaar. Het was geweldig om bij jullie op de consultatiebureaus mee 
te kijken en ik heb genoten van onze samenwerking. Jullie hebben geweldig werk geleverd en 
zonder jullie was het nooit gelukt! 
Ook de kinderfysiotherapeuten, Annelies en Sonja, het was een groot plezier om met jullie het 
interventieprogramma op te zetten. 
Als laatste wil ik de allerbelangrijkste mensen van het onderzoek bedanken, namelijk alle deelnemers 
aan de Drentse GECKO. Beste ouders en kinderen, bedankt voor jullie deelname. Wij hebben er naar 
gestreefd om het onderzoek niet te veel tijd te laten kosten, maar ik weet dat het voor sommigen 
van jullie toch even doorbijten was. GEWELDIG dat jullie meewerken aan dit onderzoek en met alle 
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_ J Si 
Bartje, the boy at the cover, is a figure out of a 
chi ldren's book written by Anne de Vries. Bartje is  
famous for Drenthe, one of the northern provinces 
of the Netherlands. 
Bartje standing in the four seasons characterizes 
the study of this thesis, where a l l  ch i ldren, born in  
a one-year period from Apri l 2006 to Apri l  2007 
and l iving at birth in Drenthe, were asked to 
participate. 
This thesis is mainly based on the GECKO Drenthe 
study, which is a popu lation-based birth-cohort 
study. In  this thesis, infant growth and the way to 
influence infant growth is explored in depth . 
